Digitized  by  the  Internet  Archive 
in  2016  with  funding  from 
Wellcome  Library 


https://archive.org/details/b2876397x 


«? 


Lcrufon,  Pub/udid.  OcC.'io  by  Gtc  Adams,  A,v  60  jFleef  dlreet 


32?, 

(o'I'Z&td 


astronomical 

AND 

geograp h I c a l 

ESSAYS: 

CONTAINING, 

I. 

A COMPREHENSIVE  VIEW  OF  THE 

General  Principles  of  Aftronomy. 

ii. 

THE  USE  OF  THE 

CELESTIAL  and  TERRESTRIAL  GLOBES, 

Exemplified  in  a Variety  of  Proelems,  which  are  defigned  to  illuftiate 
the  Phenomena  of  the  Earth  and  Heavens,  in  the  moil 
ealy  and  natural  Manner. 

hi. 

THE  DESCRIPTION  AND  USE  OF  THE 

ARMILLARY  SPHERE,  PLANETARIUM, 

TELLURIAN,  and  LUNARIUM. 

iv. 

AN  INTRODUCTION  TO 

PRACTICAL  ASTRONOMY; 

Or,  the  U s e of  the  Quadrant  and  Equatorial. 


By  GEORGE  ADAMS, 

MATHEMATICAL -INSTRUMENT  MAKER  TO  HIS  MAJESTY,  AND  OPTICIAN  TO  HIS 
ROYAL  HIGHNESS  THE  PRINCE  OF  WALES. 


LONDON: 

Printed  for  the  AUTHOR,  by  R.  HINDMARSH,  Printer  to  Ilis 
Royal  Highncfs  the  Prince  of  Wales,  No.  32,  Clcrkenwell-Clole ; 
and  Sold  at  the  Author’s  Shop,  No.  60,  Fleet- Street. 

MDCCLXXXIX. 


V .... 


/ 


H,STORlCAL 

f^0fC4L 

</br^ 


« 


» 


PREFACE,. 


H E connexion  of  aftronomy  with  geo- 


graphy is  fo  evident,  and  both  in  con- 
junction fo  neceffary  to  a liberal  education^ 
that  no  man  will  be  thought  to  have  deferved  ill 
of  the  republic  of  letters,  who  has  applied  his 
endeavours  to  diffufe  more  univerfally  the  know- 
ledge of  thefe  ufeful  fcicnces,  or  to  render  the 
attainment  of  them  eafier ; for  as  no  branch  of 
literature  can  be  fully  comprehended  without 
them,  fo  there  is  none  which  imprefs  more 
pleafing  ideas  on  the  mind,  or  that  afford  it  a 
more  rational  entertainment. 

. . . . * I 

The  fifth  edition  of  my  father’s  treatife  on  the 
globes  being  out  of  print,  I was  folicited  to  re- 
print it.  To  obviate  fevcral  objections  to  the 
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form  in  which  he  had  difpofed  the  problems,  I 
was  induced  to  undertake  the  prefent  work,  in 
which  they  are  arranged  in  a more  methodical 
manner,  and  a great  number  added  to  them. 
Such  fa&s  are  alfo  occafionally  introduced,  and 
fuch  obfervations  interfperfed,  as  it  is  prefumed 
will  excite  curiolity,  and  fix  attention. 

Having  proceeded  fo  far  in  this  w’ork,  I 
found  that  it  was  eafy  to  render  it  fubfervient  to 
my  plan  of  publifhing,  from  time  to  time, 
« Essays,  describing  the  Use  of  Mathe- 
matical and  Philosophical  Instruments. 
for  the  defeription  of  thofe  which  have  been  con- 
trived to  fmooth  the  path  to  the  fcience  of 
aftronomy,  could  no  where  be  introduced  with  fo 
much  propriety,  as  in  a work  which  treated  of 
it’s  elementary  principles. 

To  further  this  defign,  it  was  neceffary  to 
prefix  an  introduction  to  aftronomy.  lhis  is 
divided  into  three  parts.  In  the  firft,  the  pupil 
is  fuppofed  to  be  placed  in  the  fun,  the  center  of 
the  folar  fyflem  ; from  this  fituation  he  confiders 
the  motion  of  the  heavenly  hoft,  and  finds  that 
all  is  regular  and  harmonious.  In  the  fecond 
part,  his  attention  is  di reded  to  the  appearances 
©f  the  planetary  bodies,  as  obferved  from  the 
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earth.  It  were  to  be  wifhed  that  the  tutor  would 
at  this  part  exhibit  to  his  pupil  the  various  phae- 
nomena  in  the  heavens  themfelves ; by  teaching 
him  thus  to  obferve  for  himfelf,  he  would  not 
only  raife  his  curiofity,  but  fo  fix  the  impreflions 
which  the  objects  have  made  on  his  mind,  that  by 
proper  cultivation  they  would  prove  a fruitful 
fourceof  ufeful  employment ; and  he  would  thereby 
alfo  gratify  that  eager  defire  after  novelty,  which 
continually  animates  young  minds,  and  furnifii 
them  with  objeds  on  which  to  exercife  their 
natural  adivity.  In  the  third  part  of  this  intro- 
duction, the  received,  or  Copernican  fyfiem  is 
explained ; by  this  fyfiem,  the  various  pheno- 
mena of  the  heavens  are  rationally  accounted 
for ; it  (hews  us  how  to  reconcile  the  real  fiate  of 
things,  with  the  fallacies  arifing  from  the  fenfes  ; 
and  teaches  us  that  the  irregularities  obfervable  in 
the  motion  of  the  heavenly  bodies,  are  for  the  moft 
part  to  be  attributed  to  the  fituat  ion  from  wh  ich  they 
are  obferved.  Aftronomy,  in  common  with  other 
branches  of  the  mathematics,  while  it  firength- 
ens  the  powers  of  the  mind,  refirains  it  from  rafh 
prefumption,  and  difpofes  it  to  a rational  afient. 

The  principles  of  the  Copernican  fyfiem  are 
further  elucidated  in  the  third  efiay ; in  which, 
various  planetariums,  lunariums,  and  tellurians, 
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are  defcribed.  Thefe  inftruments,  though  left 
complicated  in  their  conftruftion,  and  lefs  ex- 
penfive  to  the  purchafer,  than  thofe  large  ones 
heretofore  made  for  the  fame  purpofe,  are  equal- 
ly, perhaps  better,  adapted  to  explain  the  general 
principles  of  aftronomy.  In  defcribing  them,  it 
was  neceffary  to  re-confider  many  fubjects  which 
had  been  previoufly  treated ; but  as  they  are  here 
placed  in  another  point  of  view,  prefentcd  to  the 
mind  under  a different  form,  are  generally 
defcribed  in  other  words,  and  often  with  the  ad- 
dition of  neiy  matter,  it  is  hoped  that  thefe  re- 
petitions, fo  far  from  being  an  object  of  com- 
plaint, will  be  found  to  contribute  to  the  main 
intention  of  this  work,  by  conveying  further  in- 
ftrucftion,  fixing  it  more  deeply  in  the  mind, 
and  rendering  that  obvious,  which  before  might 
be  found  difficult. 

One  part  {till  feemed  wanting  to  an  intro- 
ductory treatife  on  aftronomy,  fomething  that 
would  gently  lead  the  pupil  to  a knowledge  of  the 
practical  part  of  this  fcience,  a branch  of  aftro- 
nomy to  which  we  are  indebted  for  our  prefent 
knowledge  of  the  heavens,  by  which  geography 
has  been  improved,  and  by  w hich  the  paflage  of 
fhips  over  the  tracklefs  ocean  is  facilitated. 

There 
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There  is  no  part  of  mathematical  fcience  more 
fimple  and  eafy,  than  the  meafurement  of  the 
relative  portions  and  diftances  of  inacceffible 
objeds.  Yet  to  the  unin  ft  r tided,  to  determine 
the  diftance  of  a fhip  on  the  ocean,  to  afcertain 
the  height  of  the  clouds  and  meteors  that  float  in 
the  atmofphere,  to  fix  the  latitude  and  longitude 
of  places,  &c.  are  problems  that  have  ever  ap- 
peared to  be  above  the  reach  of  human  art ; they 
arc,  therefore,  particularly  calculated  to  engage 
the  attention  of  young  minds,  and  may  be  ufed 
to  encourage  diligence,  and  reward  application. 

To  introduce  the  pupil  to  this  branch  of  aftro- 
nomy,  I have  defcribed  three  inftruments,  each 
of  which  is  fimple  in  it’s  oanftrudion,  and 
two  of  them  of  fmall  expence.  By  thefe  he  may 
find  the  diftance  of  any  inacceffible  objed,  the 
height  of  a fpire,  a mountain,  or  any  other  eleva- 
tion, learn  to  plot  a field,  afcertain  the  altitude  of 
a cloud,  a fire-ball,  or  any  other  meteor,  deter- 
mine with  accuracy  the  hour  of  the  day,  the 
latitude  or  longitude  of  a place,  wfith  many  other 
curious  problems.  In  the  feledion  of  thefe,  I 

• i 

have  to  acknowledge  the  affiftance  I received 
from  a very  ingenious  friend. 
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I had  intended  to  fubjoin  to  this  preface  a lift 
of  agronomical  authors,  that  the  reader  might 
know  as  well  where  to  apply  for  further  informa- 
tion, as  the  fources  from  whence  I obtained  my 
knowledge  of  this  fubjeeft.  But  the  work  has 
fwelled  fo  much  beyond  my  expectations,  that  I 
conftrained  to  lay  aiide  this  defign. 


Advertisement. 


Lately publljhedy  in  one  Volume , 8vo.  Price  Six  Shillings  in 

Boards , 

An  ESSAY  on  ELECTRICITY; 

Explaining  the  Theory  and  Praaice  of  that  Ufeful 
Science  j and  the  Mode  of  applying  it 
to  Medical  Purpofes. 

TO  WHICH  IS  ADDED, 

An  ESSAY  on  MAGNETISM. 

The  Third  Edition,  Corrected  and  Enlarged. 

By  GEORGE  ADAMS, 

Mathematical  Inftrument  Maker  to  His  Majefty, 

Optician  to  His  Royal  Highnefs  the  Prince  of  Wales. 

PRINTED  FOR,  AND  PUBLISHED  BY  THE  AUTHOR, 

No . 6 o,  Fleet  -S treet . 


Jujl  publijhed  by  the  fame  Author , 
DEDICATED,  BY  PERMISSION,  TO  HIS  MAJESTY, 

In  one  volume,  4to,  price  ll.  6s.  in  boards, 
(Illuftrated  with  32  Plates,  and  an  elegant  Front ifpiece) 

ESSAYS  ON  THE  MICROSCOPE  ; 

CONTAINING, 

A General  Hiftory  of  Infedts,  their  Transformations,  peculiar  Habit* 
an  conomy  ; an  Account  of  the  various  Species  ot  the  Hydra:  and 
. micella;  a Defcription  of  379  Animalcula;  a concife  Catalogue  of 
inttre  tmg  Objrtft8  ; a View  of  the  Organization  of  Timber,  and  the 
Configuration  01  Salts  when  under  the  MicroRope.  With  a particular 
JX (cription  oPthe  moft improved  Microfcope and  the  Method  of  ufinij 

b3 


Preparing  for  the  Prefs, 

GEOMETRICAL  and  GRAPHICAL 
ESSAYS: 

CONTAINING, 

I.  A feleCt  Set  of  Geometrical  Problems ; amonglt 

thefe  are  fome  very  curious  ones  lor  dividing 
Lines  and  Circles  with  Accuracy. 

II.  A Defcription  of  thofe  Mathematical  Inftruments 

which  are  ufually  put  into  a Cafe  of  Drawing 
Inftruments,  and  many  other  new  ones  for 
Geometrical  Purpofes. 

III.  A Defcription  of  the  Inftruments  ufcd  in  Survey- 

ing and  Levelling  of  Land. 

IV.  A Defcription  of  thofe  Inftruments  that  have  been 

contrived  to  affilt  the  Artift  in  delineating  with 
Accuracy,  and  in  true  PerfpeCtive,  the  Outline 
of  a Landfcape,  Building,  or  any  other  ObjeCL 


Alfa  Preparing  for  the  Prefs, 

An  ESSAY  on  VISION, 

So  far  as  relates  to  the  Ufe  of  Spectacles  ; pointing  out 
the  Criteria,  by  which  every  Perfon  may  judge  when 
the  Ufe  of  them  will  be  beneficial,  and  how  to  chufe 
them  without  injuring  the  Sight. 


( xi  ) 


table 

4 

O F 


CONTENTS. 


PAGE. 

F the  Solar  Syftem,  as  feen  from  the  Sun  5 

Of  the  Celeftial  Signs  and  Conftcllations  Io 

Of  the  Planets,  as  feen  from  the  Sun  — 17 

Of  the  Paths  of  the  Planets  — — 19 

Of  the  Motion  of  the  Planets  round  their  Axis  21 

Of  the  Phenomena  of  the  Pleavens,  as  feen  from  the 
Sun  — — — 27 

Of  the  Apparent  Motion  of  the  Sun  — • ibid. 

Of  the  Apparent  Phenomena  of  the  Moon  — 30 

Of  the  Apparent  Motion  of  the  Stars  — 31 

The  Appearance  of  the  Planets  — — 33 

Of  the  Cppernican  Syftem  — — 41 

b 4 Of 


I 


CONTENT 


xn 


s. 


Of  the  Sun  > — _ 

Of  Mercury  — . 

Of  Venus  — - — 

Of  the  Earth  — — — — 

Of  Mars  — ~ — 

Of  Jupiter  * — — — 

Of  Saturn  — - — - 

Of  the  Georgium  Sidus  — » 

Of  the  Figure  of  the  Earth  — 

Of  the  Diurnal  Motion  of  the  Earth  — 

Of  the  Annual  Motion  of  the  Earth  — 

Of  the  Phenomena  occafioned  by  the  Annual 

Diurnal  Motions  of  the  Earth  

Of  the  Seafons  of  the  Year  — 

Of  a Parallel  Sphere  — 

Of  a Right  Sphere  — — 

Of  an  Oblique  Sphere  — 

Of  the  Inferior  Planets  

Of  the  Superior  Planets  — _ 

That  the  Planets  are  Opake  Bodies  — — 

Of  the  Moon’s  Motion  — — 

Of  Eclipfes  of  the  Moon  — — 

Of  Eclipfes  of  the  Sun  . — 

Of  Parallax  and  Refradlion  

QJ  the  Satellites  of  Jupiter  and  Saturn  —~ 

Of  the  Fxed  Stars  

Of  the  Telefcopic  Appearances  of  the  Planets 
Of  Comets  


PAGE, 

49 

53 

56 

6r 

67 

69 
- 72 

75 

79 

85 

97 


and 


Of  a Plurality  of  Worlds  — 
Bonnet’s  Survey  of  the  Univerfe 


104 

JI3 

J3° 

132 

J33 

136 

149 

*59 

160 

174 

180 

i«3 

192 

196 

207 

217 

221 

227 

Of 


CONTENTS* 


xm 


PAGE. 


Of  the  Ufe  of  the  Globes  

Advantages  of  Globes  — — 

Defcription  of  the  Globes  — — — - 

Of  the  Terreftrial  Globe  

Of  Latitude  and  Longitude  

Prob.  i.  To  find  the  Longitude  of  any  Place 

II.  To  find  the  Difference  of  Longitude 

between  any  two  Places  

iii.  To  find  all  thofe  Places  where  it  is  Noon 
at  any  given  Hour  of  the  Day,  in  ano- 
ther Place  

IV.  When  it  is  Noon  at  any  Place,  to  find 
what  Hour  it  is  at  any  other  Place 

V.  At  any  given  Hour  where  you  are,  to  find 
the  Hour  at  a Place  propofed 

VI.  To  find  the  Latitude  of  any  Place 
vii.  To  find  all  thofe  Places  which  have  the 
fame  Latitude  with  any  given  Place 
vni.  To  find  the  Difference  of  Latitude  be- 
tween any  two  Places  

ix.  The  Latitude  and  Longitude  being 

known,  to  find  the  Place  

x.  To  find  the  Diftance  of  one  Place  from 

another  - 

To  re&ify  the  Globe  _ , 

xi.  To  rectify  for  the  Summer  Solftice 

XI1,  for  the  Winter  Solftice 

xm.  for  the  Times  of  Equinox 

xiv.  To  exemplify  the  Sun’s  Altitude 

xv.  Of  the  Sun’s  Meridian  Altitude 

i 

xvi. 


24.1 

ibid. 

253 

269 

ibid. 

275 

277 


279 


2S2 


2S3 

287 

ibid. 

288 
ibid. 

300 

•3°7 

310 

312 

3X3 

3l6 

318 

To 


xtv 


CONTENTS. 


PROB. 

XVI. 

XVII. 

XVIII. 

XIX. 

XX. 

XXI. 

XXII. 

XXIII. 

XXIV. 

XXV. 


PAGE 

To  find  the  Sun's  Meridian  Altitude 

univerfally  — 

Of  the  Sun’s  Azimuth  — — . 

Of  the  Diverfity  of  Shadows  — 

Of  the  Antoeci,  &c.  


3r9 

320 

323 

326 


329 

33° 

333 


XXVI. 


XXVII. 

XXVIII. 

XXIX. 

XXX. 

XXXI. 


XXXII. 


To  find  thofe  Places  over  whofe  Zenith 
the  Sun  will  pafs  on  any  given  Day 
To  find  the  Sun’s  Place  — — 

To  find  the  Sun’s  Declination  — 

To  find  the  two  Days  on  which  the  Sun 
is  in  the  Zenith  of  any  given  Place,  &c.  334 
To  find  where  the  Sun  is  vertical  on  a 
given  Day  and  Hour  — ibid. 

At  a given  Time  of  the  Day  in  one  Place, 
to  find  at  the  fame  Inftant  thofe  Places 
where  the  Sun  is  rifing,  fetting,  &c.  333 

To  find  all  thofe  Places  within  the  Polar 
Circles,  on  which  the  Sun  begins  to 

fhine,  &c.  337 

To  make  Ufe  of  the  Globe  as  a Tellurian  339 
To  redtify  the  Globe  to  the  Latitude  and 

Horizon  of  any  Place  343 

To  rectify  the  Sun's  Place  — ibid. 

To  redtify  for  the  Zenith  of  any  Place  344. 
To  fiiew  at  one  View,  for  any  given 
Place,  the  Sun’s  Meridian  Altitude, 

Amplitude,  &c.  345 

To  fhcw  at  one  View  the  Length  of  the 
Days  and  Nights  -at  any  particular 

Place,  &c.  — 346 

xxxiii.  To 


CONTENTS. 


PROB. 


PAGE. 


xxxiii.  To  find  the  Angle  of  Pofition  — 
xxxiv.  To  find  the  Bearing  of  one  Place  from 
another 

Of  expofing  the  Globe  to  the  Sun 

xxxv.  Toobferve  the  Sun’s  Altitude  ■ — 

xxxvi.  To  place  the  Globe,  when  expofed  to  the 

Sun,  that  it  may  reprefent  the  natural 

Pofitions  of  the  Earth 

xxxvii.  To  find  naturally  the  Sun’s  Declination 

xxxviii.  To  find  naturally  the  Sun’s  Azimuth 

xxxix.  To  fhew  where  the  Sun  will  be  twice  on 

the  fame  Azimuth  in  the  Morning,  and 

twice  in  the  Afternoon  — 

xl.  To  find  the  Hour  by  the  Sun  — 

Of  Dialling  

XL i.  To  confitruft  an  Horizontal  Dial 

xl 1 1.  To  delineate  a South  Dial  

xliii.  To  make  an  Ere £t  Dial  

Of  Navigation  

xliv.  Given  the  Difference  of  Latitude,  and 

Difference  of  Longitude,  to  find  the 

Courfe  and  Diftance  failed  — 

xlv.  Given  the  Difference  of  Latitude  and 

Courfe,  to  find  the  Difference  of  Lon- 

% 

gitude  and  Diftance  failed 
xl vi.  Given  the  Difference  of  Latitude  and 
Diftance  run,  to  find  the  Difference  of 
Longitude  and  Angle  of  the  Courfe 
xlvii.  Given  the  Difference  of  Longitude  and 
Courfe,  to  find  the  Difference  of  Lati- 


35° 

35r 

352 
355 

353 

360 

36 1 


363 

364 
37o 
376 
381 

383 

3r7 


395 


396 


397 


tude  and  Diftance  failed 


398 

XL  vi  11.  Given 


XVI 


CONTENTS. 


PROB. 


PAGfei 


xlviii.  Given  the  Cotirfe  and  Diftance,  to  find 


the  Difference  of  Longitude  and  Lati- 
tude   

xl ix.  To  fteer  a Ship  upon  the  Arch  of  a great 

Circle,  &c. 

Of  the  Celeftial  Globe  

l.  To  redlify  the  Celeftial  Globe 
li.  To  find  the  Declination  of  the  Sun 
LII.  To  find  the  Sun’s  Right  Afccnfion 
liii.  To  find  the  Sun’s  Amplitude 

liv.  To  find  the  Sun’s  Altitude  

lv.  The  Latitude,  Sun’s  Place,  and  Altitude 
being  given,  to  find  the  Hour  of  the 

Day  and  Sun’s  Azimuth 

lvi.  I he  Latitude  and  Sun  s Place  given,  to 


399 

400 
421 
424. 

426 

427 
42S 
429 


432 


find  the  Altitude  and  Azimuth 
l v 1 1 . To  find  the  Depreflion  of  the  Sun  below 
the  Horizon,  Sec.  — 

lvi  11.  The  Latitude,  Sun’s  Place,  and  Azimuth 
given,  to  find  his  Altitude  and  the 

Hour  — — 

lix.  The  Latitude,  the  Sun’s  Altitude,  and 
Azimuth  given,  to  find  his  Place  and 

the  Hour 

lx.  The  Declination  and  Meridian  Altitude 
being  given,  to  find  the  Latitude  of 
the  Place  


433 

434 


ibid* 


435 

436 


L x r . To  find  the  Length  of  any  Day  in  the  Y ear  43  7 
lx lu  To  find  the  Length  of  the  longeft  and 

fhorteft  Day,  Sec.  ibid. 


lxiii.  To 


CONTENTS, 


XVU 


FROB,  PAGE. 

lxiii.  To  find  the  Latitude  of  a Place  where  the 
Length  of  the  longeft  Day  may  be  of 
any  given  Length  between  12  and  24 

Hours  43S 

lxiv.  To  find  the  Sun’s  Riling,  &c.  within  the 
Polar  Circles 


439 


lxv.  The  Latitude  of  a Place  within  the 
Ar&ic  Circle  being  given,  to  find  what 
Number  of  Days  the  Sun  conftantly 
ih  ines  upon  the  fame,  &c,  441 

Of  the  Equation  of  Time  - 44^ 

lx  v 1 . To  explain  the  Equation  of  Time  445 

Of  Problems  relating  to  the  Planets  447 

lx vii.  To  find  the  Place  of  a Planet  upon  the 

Globe  and  in  the  Heavens  443 


Lxvm.  To  find  thofe  Planets  that  21-e  above  the 

Plorizon  

lx ix.  To  find  the  Right  Afcenfion,  &c.  of  a 

Planet  

Of  Problems  relating  to  the  Moon 
lxx.  To  find  the  Moon’s  Place 
lxxi.  To  find  the  Moon’s  Declination,  &c. 
lxxii.  To  find  in  a given  Latitude  the  Moon’s 
greatcft  and  leaft  Meridian  Altitudes 
lxx  1 1 1.  To  illuftrate  the  Phenomena  of  the 

Harveft  Moon  

Of  the  Tides  - . 

lxxi  v.  To  find  what  Azimuth  the  Moon  is  upon 
at  any  Place  when  it  is  Flood  or  HLfi 
\Vater  — . 


449 

450 

451 

457 

459 

ibid. 

460 

467 


475 

Of 


xvm 


CONTENTS. 


PROB.  PAGE, 


Of  Problems  relating  to  Comets  - 477 

lxxv.  To  re&ify  the  Globe  for  a Comet  479 

ixxvr.  To  determine  -the  Place  of  a Comet  on 

the  Globe  . ibid. 

lxxvii.  To  find  the  Latitude,  &c.  of  Comets  480 
lxxviii.  To  fhew  the  Time  of  a Comet’s  Riling,  &c.  481 
lxxix.  To  find  the  Time  of  a Comet’s  Rifing  in 

the  Horizon  of  London  — ibid. 

lxxx.  To  determine  another  Place  of  the  Comet  482 
lxxxi.  From  two  given  Places  of  a Comet,  to 

aflign  it’s  Path  483 

Lxxxii.  Toeftimate  a Comet’s  Apparent  Velocity  484 
Lxxxm.  To  reprefent  the  General  Phenomena  of 

a Comet  — 485 

Gf  Problems  relating  to  the  Stars  486 

lxxxi  v.  To  find  the  Right  Afcenfion  of  a Star  487 
Lxxx  V.  To  find  the  Latitude  and  Longitude  of  a 

Star  488 

lxxxvi.  To  find  the  Place  of  a Star,  the  Right 

Afcenfion  and  Declination  being  given  489 
lxxxvii.  To  find  the  Time  of  a Star’s  Riling,  Set- 


ting, &c.  ■■  ■—  ibid. 

lxxxviii.  To  find  what  Conftellation  a Star  be- 
longs to  49° 

lxxxix.  To  find  at  what  Hour,  on  a given  Day, 

a known  Star  pafies  the  Meridian  491 

xc.  To  find  on  what  Day  a Star  palfes  the 

Meridian,  at  a given  Hour  of  the  Night  492 
xci.  To  trace  among  the  Stars  the  Circle  of 

the  Sphere  - - 493 


icn.  To 


CONTENTS. 


XIX 


PROB. 


PAQE. 


xcii.  To  find  the  Circles  of  perpetual  Appari- 
tion and  Occultation  — 500 

XCii  1.  To  reprefen t the  Face  of  the  Flea vens  501 

xciv.  xcv.  x c v 1 . xcvii.  xcviii.  xc ix.  c. 
Problems  relating  to  the  Latitude  of 
a Place,  the  Altitude  and  Azimuth  of  3 
Star,  the  Sun's  Place,  &c.  502 

Cl.  To  find  when  a Star  rifes  or  fets  cofmically  508 
cii.  To  find  when  a Star  rifes  or  fets  achro- 

nically  - _ _ 5IO 

C 1 11.  To  find  when  a Star  rifes  heliacally  512 

civ.  To  find  when  a Star  fets  heliacally  514 

Of  the  Proceflion  of  the  Equinox  ^1 - 

cv.  Given  the  Latitude  and  ancient  Longi- 
tude of  a fixed  Star,  to  find  it's  Ri?ht 

O 


Afcenfion  and  Declination 
Of  the  Correfpondence  of  the  Celeftial  and  Terref- 
trial  Spheres 

Of  the  Uleof  the  Celeftial  and  Terreftrial  Globes, 
when  mounted  in  the  common  Manner 
A Defcription  of  the  three  Inftruments  reprefented 
at  Plate  V.  Plate  XV.  and  Plate  XVI. 

Of  the  Improved  Planetarium,  Tellurian,  and  Lu- 
narium 

Of  the  Planetarium,  Tellurian,  and  Lunarium, 
reprefented  at  Plate  XIX. 

Of  the  Armillary  Sphere,  Fig.  1,  Plate  XIII. 

Of  the  Armillary  Sphere,  Fig.  2,  Plate  XIII. 

An  Introduction  to  Practical  Aftronomy  

Of  the  Quadrant  and  it’s  Ufe  

Of  the  Equatorial,  or  Univerfal  Sun-Dial 
Of  the  Improved  Equatorial 


51S 

5*9 

524 

544 

558 

598 

599 

ibid. 

609 

613 

639 

659 


* 


- 


- 


ESSAY  L 

PART  I. 


A 


I 


f 


' •» 


A 


( 


. 


ESSAY  I. 

P A R T ' I. 


An  Attempt  to  explain  with  Conciseness 
and  Perspicuity  the  general  Principles 
of  Astronomy. 

MANKIND  have  in  all  ages  been  defirous 
of  forming  rational  conceptions  of  the 
nature  and  motion  of  thofe  bodies  that  appear  in 
the  vaft  concave  above  their  heads.  Amidft  the 
infinite  variety  of  objefts  which  furround  them 
on  every  fide,  the  heavenly  bodies  muft  have 
been  amongft  thofe  which  fir  ft  attra&ed  their 
attention.  They  are  of  all  objects  the  mod  con- 
fpicuous,  the  mod  important,  and  the  mod 
beautiful. 

Aftronomy  may  be  defined  as  the  fcience 
which  infirufts  us  in  the  laws,  or  rules,  that 
govern  the  heavenly  hoft,  and  by  which  their 
motions  are  directed.  It  weighs  and  confiders 
the  powers  by  which  they  circulate  in  their  orbs. 
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It  enables  us  to  difeover  their  fize,  determine 
their  diftance,  explain  their  various  phenomena, 
and  thus  corred  the  fallacies  of  the  fenfes  by  the 
light  of  truth. 

Aftronomy  is  not  merely  a fpeculative  fcience ; 
it’s  ufe  is  as  extenftve,  as  it’s  refearches  are  fub- 
lime.  Navigation  owns  it  for  it's  guide  : by  it 
commerce  has  been  extended,  and  geography 
improved ; and  thus  it  has  co-operated  with 
other  caufes  in  the  greateft  of  all  works,  the 
diffulion  of  knowledge,  and  the  civilization  of 
man. 

As  in  order  to  attain  an  accurate  idea  of  any 
piece  of  mechanifm,  it  is  beft  to  begin  our  in- 
veftigations  by  an  examination  of  thofe  parts 
which  give  motion  to  the  reft,  and  are  the  pri- 
mary caufes  of  thofe  efteds  for  which  the  machine 
was  made;  fo  the  young  pupil  will  more  eafily 
gain  a juft  idea  of  the  motion  of  the  heavenly 
bodies,  by  confidering  them  as  feen  from  the  fun, 
the  center  of  our  fyftem,  and  the  principal  agent 
ufed  by  the  Lord  of  nature,  for  conduding  and 
regulating  the  planetary  fyftem. 

It  will  not  be  difficult  after  this,  to  inform  him' 
how  thofe  appearances  are  to  be  accounted  for, 
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that  arife  from  his  fituation,  by  which  he  is 
forced  to  condder  them  from  a point  which  is  not 
in  the  center  of  the  fyftem,  and  is  confequently 
the  fource  of  many  apparent  irregularities.  It 
will  then  alfo  be  eafy  to  prove  to  him,  that  the 
real  and  apparent  motions  of  the  heavenly  bodies 
are  frequently  the  reverfe  of  each  other.  For 
being  by  this  means  put  into  poflefTion  of  the 
univerfals  of  this  fcience,  the  knowledge  of 
particulars  will  be  rendered  facile  and  clear. 

Of  the  Solar  System,  as  seen  by  a Spec- 
tator, SUPPOSED  TO  BE  PLACED  IN  THE 

Sun. 

As  the  center  of  the  fyflem  is  the  only  place 
from  which  the  motion  of  the  planets  can  be 
truly  feen,  let  us  fuppofe  our  obferver  placed  at 
the  center  of  the  fun.  In  this  fituation  he  will 
fee  at  one  view  all  the  heavens,  which  will  appear 
to  him  perfectly  fpherical,  and  the  dars  as  fo 
many  lucid  points  in  the  concave  furface  of  the 
fphere ; the  center  of  which  is  the  fun,  or,  in 
the  prefent  indance,  the  eye  of  the  obferver. 

Our  fpeidator  will  not,  however,  immediately 
conclude  from  appearances,  either  that  the  hea- 
vens are  really  fpherical,  or  that  the  fun  is  in  the 
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center  of  the  fphere,  or  that  the  flars  are  all  at  an 
equal  diflance  from  him  ; having  been  taught 
by  experience  and  obfervation,  that  while  he  re- 
mains in  the  fame  place,  he  cannot  judge  properly 
or  the  difiance  of  furrounding  objects,  at  leaf! 
of  thofe  which  are  placed  beyond  the  ordinary 
reach  of  his  view : for  beyond  that  difiance,  all 
the  piinciples  by  which  we  form  our  general 
judgment  fail  us,  and  we  can  only  tell  which  is 
neared-,  or  which  is  furtheff,  either  by  our  ovvn 
motion,  or  that  of  the  objcfls. 

i o illuftrate  this,  let  us  fuppofe  a number  of 
lamps,  to  be  placed  irregularly,  at  different 
diftances  from  the  eye,  in  a dark  night.  Now'  as 
in  this  cafe,  we  fuppofe  the  darknefs  to  be  fo 
complete,  that  no  intermediate  obje&s  could  be 
feen,  no  difference  in  colour  difcerned,  nor  any 
perception  of  a convergence  towards  the  point  of 
fight,  our  judgment  could  not  affift  us  in  diftin- 
guifhing  the  diffance  of  one  from  the  other,  and 
they  would  therefore  all  leem  to  be  at  an  equal 
diftance  from  the  fpedator. 

For  the  fame  reafon,  the  fun  and  moon,  the 
flars  and  planets,  appear  to  be  all  at  an  equal 
difiance  from  us ; though  it  is  highly  probable, 
that  fome  of  the  flars  are  many  millions  of  times 
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nearer  to  us  than  others.  The  fun  isdemonftra- 
ted  to  be  nearer  than  any  of  the  ftars.  The 
moon  and  fomc  of  the  planets  arc  known  by  ocular 
proof  to  be  nearer  to  us  than  the  fun,  becaufe  they 
fometimes  come  between  it  and  our  eye,  and 
hide  the  whole,  or  a great  part  of  his  difk,  from 
our  view.  They  all,  however,  appear  equally 
diftant,  and  to  be  placed  in  the  furface  of  a 
fphere,  whereof  our  eye  is  the  center.  In  what- 
ever place,  therefore,  the  fpe&ator  refides,  whe- 
ther it  be  on  this  earth,  in  the  fun,  or  in  the 
regions  of  Saturn,  he  will  conlider  that  place  as 
the  middle  point  of  the  univerfe,  and  as  the 
center  of  the  world  ; for  it  will  be  to  him  the 
center  of  that  fpherical  furface,  in  which  all 
diftant  bodies  appear  to  be  placed. 

v 

Here  the  tutor  will  find  his  advantage  in 
illuftrating  this  fubjed,  and  extending  the  ideas 
of  his  pupil,  by  adual  experiments  on  real  ob- 
jects. Young  people  Ihould  be  taught  to  gain  as 
much  information  as  poffible  from  fenfiblc 
images;  by  thefe  their  mind  would  be  gradually 
led  to  feel  it’s  powers,  and  foon  learn  to  correct 
thofe  errors  which  are  induced  into  it  by  appear- 
ances,  derived  only  from  the  fenfes.  No  man 
can  at  once  convey  light  in  the  higher  fubjeds  to 
another  man’s  underftanding.  It  mult  come 
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into  the  mind  from  it's  own  motions,  within 
itfelf;  and  the  grand  art  of  philofophy  and  edu- 
cation, is  to  fet  the  mind  in  adlion,  and  even 
when  we  think  nothing  of  it,  to  afllft  it  in  it’s 
labour.* 

The  pupil  may  now  proceed  to  confider  the 
obfervations  of  the  folar  fpecftator ; to  whom,  as 
we  have  already  obferved,  the  heavens  will  appear 
as  the  furface  of  a concave  fphere,  concentrical 
to  his  eye  : in  this  furface  he  will  difcover  an  in- 
numerable hoft  of  fixed  ftars,  which  will  for 
feme  time  engage  his  attention,  before  he  dif- 
covers  that  they  may  be  diftinguifhed  into  two 
kinds;  the  one  difperfed  through  the  whole 
heavens,  differing  in  their  degree  of  brightnefs, 
but  remaining  always  at  the  fame  relative  dihance 
from  each  other.  Thefe  he  will  therefore  call 
fixed  stars,  or  only  stars.  Befides  thefe,  he 
will  find  fome  others  moving  among  the  fore- 
going with  different  velocities,  which  he  will 
call  WANDERING  STARS,  Or  PLANETS. 

Here,  however,  it  may  be  proper  to  obferve, 
that  what  We  call  the  fky,  in  which  the  heavenly 
bodies  feem  as  it  were  to  be  fixed,  is  no  real 
5 fubflance. 

* Pctvin’s  Notes  to  Letters  on  Mind. 
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fubftatoce.  If  there  was  no  atmofphere  furround- 
ing our  earth,  whofe  particles  might  reded  other 
rays  of  light  to  our  eyes,  than  thofe  which  come 
directly  from  the  fun,  all  parts  of  the  heavens, 
even  at  mid-day,  would  be  dark,  and  the  ftars 
be  vifible  at  noon.  But  as  our  atmofphere 
abounds  with  particles  capable  of  refleding  light 
every  way,  fome  of  it  will  fall  upon  our  eyes 
whitherfoever  they  are  direded  ; from  the  nature 
of  this  refledion,  we  receive  the  idea  of  colour, 
and  the  mind  immediately  imagines  a fubftance 
wherein  it  may  refide  ; in  the  fame  manner,  the 
regular  reHedion  of  light  from  an  objed  in  a 
looking  glafs,  is  combined  by  the  mind  into  an 
image  of  that  objed. 

Mr.  de  SaufTure,  when  on  the  top  of  Mount 
Bjanc,  in  Savoy,  a mountain  which  is  elevated 
15673  feet  perpendicularly  above  the  fea,  and 
where  confequently  the  atmofphere  muff  be 
much  rarer  than  ours,  fays,  that  the  moon  flione 
with  the  brightefl  fplendor  in  the  midft  of  a fky  as 
black  as  ebony;  while  Jupiter,  rayed  like  the 
fun,  rofe  from  behind  the  mountains  in  the 
eafh* 

Or 
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Of  the  Celestial  Signs  and  Constellations. 

Having  proceeded  thus  far,  our  fpecdator  will 
endeavour  to  find  out  fome  method  of  diftin- 
guifhing  the  dars  from  each  other  5 concluding, 
that  as  they  do  not  change  their  relative  pofitions 
one  to  the  other,  he  may  make  an  exad  descrip- 
tion of  them,  and  by  repeated  obfervations 
determine  the  pofition  and  order  which  fubfifts 
among  them. 

i hat  he  may  avoid  confufion  in  defcription, 
and  be  able  to  point  out  any  particular  dar,  with- 
out being  obliged  to  give  a name  to  each,  he  will 
divide  them  intofeveral  parcels;  to  each  of  thefe 
parcels  he  will  affign  a figure  at  pleafure;  thefe 
affemblages,  or  groupes  of  dars,  he  will  call 
CONSTELLATIONS. 

Thus  a number  of  dars  near  the  north  pole  is 
called  the  bear,  becaufe  the  dars  which  compofe 
it  are  at  fuch  didances  from  each  other,  that  they 
may  fall  within  the  dgure  of  a bear.  Another 
condellation  is  called  the  Chip,  becaufe  that  col- 
lection of  dars  which  compofe  it,  is  rcprefented 
upon  a celedial  globe  as  comprized  within  fome 
part  of  the  figure  of  a fhip. 


As 
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As  the  fixed  ffars  will  appear  to  our  obferver  of 
different  degrees  of  magnitude  and  fplendor,  he 
will  divide  them  into  fix  different  claffes.  Thofe 
which  feem  the  largeft  and  brighteff,  he  will  call 
ftars  of  the  firff  magnitude ; the  finalleft  that  we 
can  fee  with  the  naked  eye,  are  called  ffars  of  the 
fixth  magnitude  ; and  the  intermediate  ones,  ac- 
cording to  their  different  apparent  fizes,  he  will 
call  of  the  fecond,  third,  fourth,  or  fifth  mag- 
nitudes. Thofe  ffars  which  cannot  be  feen 
without  the  afliftance  of  a telefcope,  are  not 
reckoned  in  any  of  thefe  claffes,  and  are  called 

TELESCOPIC  STARS. 

By  a knowledge  of  the  fixed  ffars  and  their 
pofitions,  our  obferver  w ill  obtain  lb  many  fixed 
points,  by  which  he  may  obferve  the  motions  of 
the  planets,  and  the  relation  of  thefe  motions  to 
each  other.  For  from  the  fame  place,  thefe  mo- 
tions can  only  be  effimated  by  the  angle  formed  at 
the  fpebtator’s  eye  by  the  fpace  which  the 
moving  body  paffes  over. 

To  meafure  thefe  fpaces,  the  ffars  muff  be 
ufed,  and  confidered  as  fo  many  luminous  points 
fixed  in  the  concavity  of  a lphere,  whofe  radius  is 
indefinite,  and  of  which  the  obferver’s  eye  is  the 
center.  We  may  learn  from  hence  the  neceffky 

of 
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of  forming  an  exatt  catalogue  of  the  ftars,  and 
of  determining  their  pofitions  with  accuracy  and 
care.  With  fuch  a catalogue,  the  fcience  of 
aftronomy  begins. 

Although  to  thofe  who  are  unacquainted  with 
the  nature  of  celeftial  obfervation,  it  might  at 
firfl  fight  appear  almoft  impoflible  to  number  the 
itars;  yet  their  relative  lituations  have  been  fo 
carefully  obferved  by  aftronomers,  that  they  have 
not  only  been  numbered,  but  even  their  places  in 
the  heavens  have  been  afcertained  will}  greater 
accuracy,  than  the  relative  Gtuation  of  moft 
places  on  the  furface  of  the  earth. 

The  greateft  number  of  ftars  that  are  vifible  to 
the  naked  eye,  may  be  fee n in  a winter's  night, 
when  the  air  is  clear,  and  no  moon  appears.  But 
even  then,  a good  eye  can  fcarce  diftinguith  more 
than  one  thou  land  at  a time  in  the  vifible  hernia 
fphcre : for  though  on  fuch  a night  they  appear 
to  be  almoft  innumerable,  this  appearance  is  a 
deception,  that  arifes  from  our  viewing  them  in  a 
tranfient  and  confufed  manner;  whereas,  if  we 
view  them  diftindly,  and  only  confider  a frnall 
portion  of  the  heavens  at  a time,  and  after  fome 
attention  to  the  fituation  of  the  remarkable  ftars 
contained  in  that  portion,  begin  to  count,  we 

fhall 
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fhall  be  furprized  at  the  fmallnefs  of  their  num- 
ber, and  the  eafe  with  which  they  may  be 
counted. 

Hipparchus,  the  Rhodian,  about  an  hundred 
and  twenty  years  before  the  birth  of  Chrift,  was 
the  firft  among  the  Greeks  who  reduced  the  ftars 
into  a catalogue ; daring,  according  to  Pliny, 

« to  undertake  a thing,  which  feemed  to  furpafs 
the  power  of  a divinity ; that  is,  to  number  the 
ftars  for  pofterity,  and  to  reduce  them  into  order; 
havingcontrived  inftruments,by  which  he  marked 
the  place  and  magnitude  of  each  ftar.  So  that  by 
thefe  means  we  can  eafily  difeover,  not  only 
whether  any  of  the  ftars  perifli,  and  others  grow 
up,  but  alfo  whether  they  move,  and  if  fo,  the 
direction  of  their  motion,  whether  they  increafe 
or  diminifh  ; thus  putting  pofterity  in  poflefiion, 
as  it  were,  of  the  heavens.” 

Several  aftronomers  have  followed  Hipparchus 
in  the  fame  arduous  undertaking.  In  1603, 
J.  Bayer  publifhed  celeftial  charts  of  all  the 
known  conftellations,  and  of  the  vifible  ftars  of 
which  they  are  compofcd.  In  thefe  charts  every 
ftar  is  diftinguifhed  by  a letter.  The  largeft  ftar 
in  the  conftellation  is  marked  with  the  firft  letter 
of  the  Greek  alphabet ; the  next  in  apparent  iize 
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Is  marked  with  the  fecond  letter,  and  fo  on.  If 
there  are  more  ftars  in  the  conftellation  than  there 
are  letters  in  the  Greek  alphabet,  he  marks  the 
remainder  with  the  letters  of  the  Roman  alphabet. 

When  a {far  is  mentioned  with  the  letters  of 
the  Greek  or  Roman  alphabet,  it  is  always  with 
the  additional  name  of  the  conftellation  to  which 
it  belongs ; and  thus  to  thofe  who  are  acquainted 
with  the  figures  of  the  conftellations,  and  with  the 
catalogue  of  fixed  ftars,  it  becomes  as  determinate 
a denomination,  as  if  the  ftar  was  called  by  a 
proper  name,  and  the  fame  purpofe  is  anfwered 
in  a more  familiar  manner,  and  with  lefs  burthen 
upon  the  memory. 

The  number  of  the  ancient  conftellations  was 
48;  in  thefe  were  included  1022  ftars.  Many 
conftellations  have  been  added  by  modern  aftrono- 
mers  ; fo  that  the  catalogues  of  Flamftead  and 
De  la  Caillc,  when  added  together,  are  found  to 
contain  near  five  thoufand  ftars.  The  names  of 
the  conftellations,  their  fituation  in  the  heavens, 
with  other  particulars,  are  beft  learned  by  ftudy- 
ing  the  artificial  reprefentation  of  the  heavens,  a 
eeleftial  globe. 


The 


ASTRONOMICAL  ESSAYS. 


J5 

The  ftars  appear  of  a fenfible  magnitude  to  the 
naked  eye,  becaufe  the  retina  is  not  only  affedted 
by  the  rays  of  light  which  are  emitted  direcily 
from  them,  but  by  many  thoufand  more,  which, 
falling  upon  our  eye-lids,  and  upon  the  vifible 
aerial  particles  about  us,  are  reflected  into  our 
eyes  fo  ftrongly,  as  to  excite  vibrations,  not 
only  in  thofe  points  of  the  retina,  where  the  real 
images  of  the  ftars  are  formed,  but  alfo  in  other 
parts  round  about  it.  This  makes  us  imagine 
the  ftars  to  be  much  bigger,  than  they  would  be 
if  we  law  them  only  by  the  few  rays  which  come 
directly  from  them  to  our  eyes,  without  being 
intei mixed  with  others.  Any  one  may  be  made 
fenfible  of  this,  by  looking  at  a ftar  of  the  firft 
magnitude,  through  a long  narrow  tube  ; which, 
though  it  takes  in  as  much  of  the  Iky  as  would 

hold  a thoufand  of  fuch  ftars,  fcarce  renders  that 
one  vifible. 

The  number  of  the  ftars  almoft  infinitely  ex- 
ceeds what  we  have  yet  been  fpeaking  of.  An 
ordinary  telefcope  will  difeover,  in  feveral  parts  of 
the  heavens,  ten  times  as  many  ftars  as  are  vifible 
to  the  naked  eye.  Hooke,  in  his  Micrographia 
fays,  that  with  a telefcope  of  twelve  feet  he  did 
covered  feventy-eight  ftars  among  the  pleiades, 
and  wtth  a more  perfect  telefcope,  many  more. 

Galileo 
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Galileo  reckoned  eighty  in  the  fpace  between  the 
belt  and  the  fword  of  Orion,  and  above  five 
hundred  more  in  another  part  of  the  fame  conftel- 
lation,  within  the  compafs  of  one  or  two  degrees 
fquare.  Antonia  Maria  de  Rheita  counted  in 
the  fame  conftellation  above  two  thoufand  liars. 
Future  improvements  in  telefcopes  may  enable 
us  to  difcover  numberlefs  liars  that  are  now  in- 
vifible  ; and  many  more  there  may  be,  which  are 
too  remote  to  be  feen  through  telefcopes,  even 
when  they  have  received  their  ultimate  improve- 
ment. Dr.  Herfchel,  to  whofe  ingenuity  and 
affiduity  the  altronomical  world  is  fo  much  in- 
debted, and  of  w hofe  difcoveries  w e fhall  fpeak 
more  largely  in  another  part  of  this  eflay,  has 
evinced  what  great  difcoveries  may  be  made  by- 
improvements  in  the  inftruments  of  obfervation. 
In  fpeaking  here  of  his  difcoveries,  I fhall  ufe  the 
words  of  M.  de  la  Lande  * “ In  palling  rapidly 

over  the  heavens  with  his  new  telefcopc,  the  uni- 
verfe  increafed  under  his  eye;  44000  dars,  feen 
in  the  fpace  of  a few  degrees,  feemed  to  indicate 
that  there  were  feventy-five  millions  in  the 
heavens.”  But  what  are  all  thefe,  when  com- 
pared to  thofe  that  fill  the  whole  expanfe,  the 

boundlefs 


* Memoires  de  I’Academie  de  Dyon,  1785. 
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boundlefs  fields  of  ether;  indeed,  the  immenfity 
of  the  univerfe  mull  contain  fuch  numbers,  as 
would  exceed  the  utmofl  ftretch  of  the  human 
imagination.  For  who  can  fay,  how  far  the  uni- 
verfe extends,  or  where  are  the  limits  of  it  ? 
where  the  Creator  flayed  “his  rapid  wheels;”  or 
where  he  “ fixed  the  golden  compaffes  ?’* 

Of  the  Planets,  as  seen  from  the  Sun. 

Our  folar  obferver  having  attained  a competent 
knowledge  of  the  fixed  flars,  will  now  apply  him- 
felf  to  confider  the  planets : thefe,  as  we  have 
already  obferved,  he  will  foon  diflinguifh,  by  their 
motion,  from  the  fixed  flars ; the  flars  always 
remaining  in  their  places,  but  the  planets  would 
be  feen  pafTmg  by  them  with  unequal  velocities. 
Thus  on  obferving  the  earth,  for  inflance,  he 
will  find  it  moving  among  the  fixed  flars,  and 
approaching  nearer  and  nearer  to  the  more 
caflern  ones  ; in  a year’s  time  it  will  complete  it’s 
revolution,  and  return  to  the  fame  place  again. 

He  will  find  feven  of  thefe  bodies  which  re- 
volve round  the  fun,  to  each  of  which  he  will 
affign  a name,  calling  the  fwiftefl  Mercury,  de- 
nominating the  others  in  order,  according  to 
their  velocities,  as  Venus,  then  the  Earth,  and 

B after- 
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afterwards  Mars,  Jupiter,  Saturn,  and  the 
Georgium  Sidus. 

Proceeding  with  attention  in  thus  exploring 
and  examining  the  heavens,  he  will  perceive 
that  the  earth  is  always  accompanied  by  a fmall 
Par,  Jupiter  by  lour,  Saturn  by  five,  and  the 
Gcoigium  Sidus  by  two : thefe  fometimes  pre- 
cede, at  others  follow  ; now  pals  before,  and 
then  behind  the  planets  they  refpccfiively  attend. 
Thefe  fmall  bodies  he  will  call  secondary 

PLANETS,  SATELLITES,  or  MOONS. 

The  obferver  by  remarking  the  exad:  time 
w hen  each  planet  palfes  over  fome  fixed  fiar,  and 
the  time  they  employ  from  their  fetting  out,  to 
their  return  to  the  fame  fiar  again,  will  find  the 
times  elapfing  between  each  fuccefiive  return  of 
the  fame  planet  to  the  fame  fiar,  to  be  equal ; 
and  he  would  fay,  that  the  feveral  planets 
deferibe  circles  in  different  periods;  but  that 
each  of  them  always  completes  it’s  own  circle  in 
the  fame  fpace  of  time. 

He  will  further  obferve,  that  there  are  certain 
bodies,  which  at  their  firft  appearance  are  fmall, 
obfeure,  ill-defined,  and  that  move  very  flow, 
but  which  afterwards  increafe  in  magnitude, 

5 Pght. 
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light,  and  velocity,  until  they  arrive  at  a certain 
fize,  when  they  lofe  thefe  properties,  and  di- 
minifh  in  the  fame  manner  as  they  before  aug- 
mented, and  at  lad  difappear.  To  thefe  bodies, 
which  he  will  find  in  all  the  regions  of  the  hea- 
vens, moving  in  different  directions,  he  will 
give  the  name  of  comets. 


Of  the  Paths  of  the  Planets. 


Our  obferver  will  take  notice,  that  the  planets 
run  fucceflively  through  thofe  conffellations 
which  he  has  denominated,  Aries,  Taurus, 
Gemini,  Cancer,  Leo,  Virgo,  Libra,  Scorpio, 
Sagittarius,  Capricornus,  Aquarius,  Pifces  ; and 
that  they  never  move  out  of  a certain  fpace,  or 
zone,  of  the  heavens,  which  he  will  call  the 

ZODIAC. 

t 

He  will  find,  by  proceeding  in  his  obfervation, 
that  the  orbits  of  the  planets  are  not  all  in  the 
fame  plane,  but  that  they  crofs  each  other  in 
different  parts  of  the  heavens  j fo  that  if  he 
makes  the  orbit  of  any  planet  a ffandard,  and 
confiders  it  as  having  no  obliquity,  he  would 
judge  the  paths  of  all  the  reft  to  be  inclined  to  it ; 
each  planet  having  one  half  of  it's  path  on  one 
lide,  and  the  other  half  on  the  oppofite  fide  of 
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the  ftandard  path,  or  orbit.  Aftronomers  gene- 
rally affume  the  earth’s  orbit,  as  the  ftandard 
from  which  to  compute  the  inclination  of  the 
others,  and  call  it  the  ecliptic.  The  points 
where  the  orbits  interfedl  each  other,  are  called 

the  NODES. 

The  inclination  of  the  orbits  to  each  other, 
may  be  rendered  more  familiar  to  the  imagina- 
tion,* by  taking  as  many  hoops  as  there  are 
planets,  with  a wire  thruft  through  each,  and 
thereby  joined  to  that  hoop  which  reprefents  the 
ecliptic ; the  ether  hoops  may  be  then  fet  more 
or  lefs  obliquely,  to  the  reprefentative  of  the 
ecliptic. 

The  feveral  orbits  do  not  crofs  or  interfedl  the 
ecliptic  in  the  fame  point,  or  at  the  fame  angles ; 
but  their  node^f  or  interfedfions,  are  at  different 
parts  of  the  ecliptic. 

It  fnould,  however,  be  obferved  here,  that  in 
fpeaking  of  the  orbits  of  the  planets,  nothing 
more  is  meant  by  this  term,  than  the  paths  they 
pafs  through  in  the  open  fpace  in  which  they 
move,  and  in  which  they  are  retained  by  a ce- 
leftial  but  continuous  mechanifm. 

Of 
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Of  the  Motion  of  the  Planets  round 

their  Axis. 

By  attentively  confidering,  with  a tdcfcope, 
the  furface  of  the  primary  planets,  our  folarob- 
ferver  will  find,  that  fome  parts,  or  spots,  are 
more  obfcure  than  others.  By  continued  obfer- 
vation  he  will  find,  that  thefe  fpots  change  their 
places,  and  move  from  one  fide  of  the  planet  to 
the  other;  then  difappear  for  a certain  fpace 
of  time ; after  which,  they  again,  for  a while, 
become  vilible  on  the  fide  where  they  were  firft 
feen,  always  continuing  the  fame  motion  nearly 
in  an  uniform  manner. 

/* 

The  diftance  between  the  fpots  grows  wider  as 
they  advance  from  the  edge  towards  the  middle 
of  the  planet,  and  then  grows  narrow  again  as 
they  pafs  from  the  middle  to  the  other  edge.  The 
time  they  are  feen  on  the  planet’s  d ilk,  is  fome- 
what  lefs  than  the  time  of  their  difappearance. 

From  thefe  circumfiances  he  will  conclude, 
firft,  that  thefe  fpots  adhere  to  the  body  of  the 
planet,  and  that  each  planer  is  a globe  turning  on 
it’s  axis,  and  has  confequently  two  motions,  one 
whereby  it  is  moved  round  it’s  axis  in  a fhort 
time,  the  other  by  which  it  revolves  round  the 

B 3 fun. 
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fun.  Thefe  motions  may  be  eafily  conceived, 
by  only  imagining  a fmall  ball  to  roll  round  a 
large  fphere.  The  firft  of  thefe  motions,  or  that 
ofa  planet  round  it's  axis,  is  called  the  diurnal 
motion  ; and  the  fecond,  or  it’s  revolution  round 
the  fun,  is  called  the  annual  motion. 

The  tutor  may  in  fome  meafure  realize  to  his 
pupil  the  foregoing  heliocentric  phenomena,  by 
plate  I.  fig.  i,  of  the  folar  fyflem  ; or  hill  much 
better,  by  means  of  a planetarium  : for  by  fup- 
pofing  himfelf  on  the  brafs  ball  which  reprefents 
the  fun,  he  will  fee  that  all  the  planets  move 
round  him  in  beautiful  and  harmonious  order ; 
on  account  of  their  dihance,  he  will  refer 
their  motions  to  the  fixed  flats  j he  will  fee 
how  readily  the  periods  of  their  revolutions  are 
difeovered,  by  obferving  the  time  that  elapfes 
between  their  letting  out  from  any  fixed  pointy 
or  flar,  and  their  returning  to  the  fame  again. 
He  will  alfo  fee,  that  if  the  paths  of  the  planets 
were  in  one  plane,  as  in.  the  inftrument,  they 
would  all  be  transferred  to  one  circle  in  the 
heavens. 

When  he  undcrflands  thefe  particulars,  the 
tutor  may  then  proceed  to  fhew  him  that  thefe 
motions,  which  are  fo  regular  when  viewed  from 

the 
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the  fun,  become  intricate  and  perplexed  when 
viewed  from  the  earth  ; and  infer  from  thence, 
that  whenever  we  “ examine  the  w'orks  of  the 
Deity  at  a proper  point  of  diftance,  fo  as  to  take 
in  the  whole  of  his  defign,  we  fee  nothing  but 
uniformity,  beauty,  and  precifion.”  Thus  the 
heavens  prefent  us  with  a plan,  which,  though 
inexpreffibly  magnificent,  is  yet  regular  beyond 
the  power  of  invention. 
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PART  II. 


Of  the  Phenomena  of  the  Heavens.,  as 

SEEN  FROM  THE  EaRTH. 

I 

The  various  appearances  of  the  celcftial 
bodies,  as  feeii  from  the  earth,  are  the  , 
fafls  which  lay  the  foundation  of  all  aftronomical 
knowledge.  To  account  for,  and  explain  them, 
is  it’s  principal  bufinefs:  a true  idea  of  thefc 
phenomena  is  therefore  a necelfary  ftep  to  a 
knowledge  of  aftronomy. 

Of  the  apparent  Motion  of  the  Sun. 

The  fird  and  molt  obvious  phenomenon  is 
the  daily  rifing  of  the  fun  in  the  eafl,  and  his 
fetting  in  the  well ; after  which  the  moon  and 
ftars  appear,  Hill  keeping  the  fame  weftcrly 
courfe,  till  wc  lofe  fight  of  them  altogether. 


This 
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This  cannot  be  long  obferved,  before  we  muft 
alfo  perceive,  that  neither  the  fun  nor  moon 
always  rife  exa&ly  at  the  fame  pomt  of  the 
heavens.  If  we  commence  our  obfervations  of 
the  fun,  forinftance,  in  the  beginning  of  March, 
we  fnall  find  him  appear  to  rife  more  to  the 
northward  every  day,  to  continue  longer  above 
the  horizon,  to  be  more  vertical,  or  higher,  at 
mid-day ; this  continues  till  towards  the  end  of 
June,  when  he  moves  backward  in  the  fame 
manner,  and  continues  this  retrograde  motion 
till  near  the  end  of  December,  when  it  begins  to 
move  forwards,  and  fo  on. 

It  is  this  change  in  the  fun’s  place,  that  occa- 
sions him  to  rife  and  fet  in  different  parts  of  the 
horizon,  at  different  times  of  the  year.  It  is 
from  hence  that  his  height  is  fo  much  greater  in 
fummer,  than  in  winter.  In  a word,  the  change 
of  the  fun’s  place  in  the  heavens  is  the  caufe  of 
the  different  length  in  the  days  and  nights,  and 
the  viciffitudes  of  the  fealons. 

f 

As  the  knowledge  of  the  fun’s  apparent  motion 
is  of  great  importance,  and  a proper  conception 
of  it  abfolutely  neceffary,  in  order  to  form  a true 
idea  of  the  phenomena  of  the  heavens,  the  reader 

will  excufe  my  dwelling  fomething  longer  upon 

it. 
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it.  If  on  an  evening  we  take  notice  of  fome  fixed 
liar  near  the  place  where  the  fun  fets,  and  obferve 
it  for  feveral  fucceflive  evenings,  we  fhall  find 
that  it  approaches  the  fun  from  day  to  day,  till 
at  lad  it  will  difappear,  being  effaced  by  his 
light,  though  but  a few  days  before  it  was  at  a 
fufficient  difiance  from  him.  That  it  is  the  fun 
which  approaches  the  ftars,  and  not  the  fiars  the 
fun,  is  plain,  for  this  reafon  ; the  fiars  always 
rife  and  fet  every  day  at  the  fame  points  of  the 
horizon,  oppofite  to  the  fame  terrefirial  objedfs, 
and  are  always  at  the  fame  diftance  from  each 
other  ; whereas  the  fun  is  continually  changing 
both  the  place  of  it’s  rifing  and  fetting,  and  it's 
diftance  from  the  fiars. 

The  fun  advances  nearly  one  degree  every  day, 
moving  from  weft  to  eaft  ; fo  that  in  365  days 
we  fee  the  fame  ftar  near  the  fetting  fun,  as  was 
obferved  to  be  near  him  on  the  fame  day  in  the 
preceding  year.  In  other  words,  the  fun  has  re- 
turned to  the  place  from  whence  he  fet  out,  or 
made  what  we  call  his  annual  revolution. 

We  cannot  indeed  obferve  the  fun's  motion 
among  the  fixed  fiars  immediately,  on  account  of 
the  brightnefs  of  his  light,  which  prevents  our 
feeing  thofe  ftars  that  are  in  his  neighbourhood  ; 

but 
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but  we  can  obferve  the  inftant  of  his  coming  to 
the  meridian,  and  his  meridional  altitude ; we 
can  alfo  compute  what  point  of  the  ftarry  heaven 
comes  to  the  fame  meridian,  at  the  fame  time, 
and  with  the  fame  altitude.  The  fun  muft  be  at 
that  point  of  the  ftarry  heavens  thus  difcovered. 
Or  we  can  obferve  that  point  in  the  heavens, 
which  comes  to  the  meridian  at  midnight,  with 
a declination  as  far  from  the  equator  on  one  fide, 
as  the  fun’s  is  on  the  other  fide ; and  it  is  evident, 
the  fun  muft  be  in  that  part  of  the  heavens, 
which  is  diametrically  oppofite  to  this  point.  By 
either  of  thefe  methods  we  can  afeertain  a feries  of 
points  in  the  heavens,  through  which  the  fun 
pafles,  forming  a circle  called  the  ecliptic.* 

Of  the  apparent  Phenomena  of  the  Moon, 

The  motion  of  the  moon  through  the  heavens* 
arfd  her  appearance  therein,  are  ftill  more  re- 
markable than  thofe  of  the  fun. 

At  the  new  moon,  or  when  {he  firft  becomes 
vifible,  (he  is  feen  in  the  weftern  part  of  the 
heavens,  at  no  great  di fiance  from  the  fun.  She 

increafes 


* The  conformity  of  this  definition  of  the  ecliptic,  with 
that  given  in  page  19,  will  be  feen  hereafter. 
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increafes  every  night  in  fize,  and  removes  to  a 
greater  diftance  from  the  fun,  till  at  laft  die  ap- 
pears in  the  eaftern  part  of  the  horizon,  when 
the  fun  is  difappearing  in  the  weftern.  After 
this,  fhe  gradually  removes  further  and  further 
eaftward,  till  at  laft  fhe  feems  to  approach  the 
fun  as  nearly  in  the  eaft  as  lhe  did  before  in  the 
wreft,  and  rifes  a little  before  him  in  the  morning ; 
whereas  in  the  firft  part  of  her  courfe  lhe  let  in 
the  weft,  long  after  him.  All  thefe  different  ap- 
pearances happen  in  the  fpace  of  a month  ; after 
which  they  re-commence  in  the  fame  manner. 

There  is  fometimes  an  irregularity  in  thefe 
appearances,  particularly  in  harveft-time,  when 
the  moon  appears  for  feveral  days  to  be  ftationary 
in  the  heavens,  and  to  preferve  nearly  the  fame 
diftance  from  the  fun  ; in  confequence  of  which, 
fhe  rifes  at  that  feafon  of  the  year  nearly  at  the 
ame  hour  1 or  feveral  nights. 

Of  the  apparent  Motion  of  the  Stars. 

In  contemplating  the  flats,  it  is  obferved  that 
feme  among  them  have  the  lingular  property  of 
neither  rifing  in  the  eaft,  nor  fetting  in  the  well : 
!,Ut  feem  to  turn  round  one  immoveable  point. 
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near  which  is  placed  a Tingle  ftar,  called  the  pole, 
or  pole  STAR. 

This  point  is  more  or  lefs  elevated,  according 
to  the  part  of  the  earth  from  which  it  is  viewed. 
Thus  to  the  inhabitants  of  Lapland  it  is  much 
more  vertical,  or  elevated  above  the  horizon, 
than  with  us  : we  fee  it  more  elevated  than  the 
inhabitants  of  Spain  : and  thefe  again  fee  it  more 
elevated  than  thofe  of  Barbary.  By  continually 
travelling  fouthward,  we  fhould  at  laft  fee  the 
pole  ftar  depreffed  to  the  horizon,  and  the  other 
pole  would  appear  in  the  fouth  part  of  the 
horizon,  round  which  the  ftars  in  that  part 
would  revolve.  There  is,  however,  no  ftar  in 
the  fouthern  hemifphere  fo  near  the  pole,  as  that 
in  the  northern  hemifphere.  Suppofing  us  ftill  to 
travel  fouthward,  the  north  pole  would  entirely 
difappear,  and  the  whole  hemifphere  would 
feem  to  turn  round  a Tingle  point  in  the  fouth,  as 
the  northern  hemifphere  appears  to  turn  round 
the  pole  ftar. 

The  general  appearance,  therefoie,  of  the 
ftarry  heavens,  is  that  ol  a vaft  concave  fphere 
turning  round  two  fixed  points  (diametrically 
oppoftte  to  each  other,  the  one  in  the  north,  the 

other  in  the  fouth)  once  in  twenty-four  hours. 

Hence 
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Hence  it  is  that  the  ftars,  though  they  keep 
the  fame  relative  places  with  refpedt  to  each 
other,  yet  change  their  lituation  very  fenfibly 
with  refpedt  to  the  horizon ; fome  riling 
above,  others  defeending  below  it ; fome  that 
wrere  invifible,  now  becoming  vifible  ; while,  on 
the  other  hand,  many  are  difappearing.  Some 
never  defeend  below  the  horizon;  although  as 
they  turn  round,  they  are  fometimes  nearer  to,  at 
others  further  from  it,  deferibing  whole  circles 
about  a point  above  it.  If  the  obferver  turns 
himfclf  round,  he  will  find  fome  dars  rife  only 
as  it  were  to  fet  again  ; many  deferibing  fmall 
arcs,  and  others  larger  ones. 

The  Appearances  of  the  Planets. 

Befides  the  fixed  dars,  there  are  other  bodies 
in  the  heavens,  which  are  continually  changing 
their  places,  both  with  refpeft  to  the  dars,  and 
one  another  ; thefe  are  called  planets. 

They  move  among  the  dgns  of  the  zodiac, 
never  departing  far  from  the  ecliptic. 

Their  apparent  motion  is  very  irregular,  con- 
fufed,  and  perplexed ; fometimes  they  appear  as 

C coin? 
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going  forwards,  fomctimes  backwards,  and  at 
others  are  flationary. 

Mercury  emits  a bright  white  light,  but 
keeps  fo  near  the  fun,  that  he  is  very  feldom 
viflble  ; and  when  he  does  make  his  appearance, 
his  motion  towards  the  fun  is  fo  fwift,  that  he 
can  only  be  difeerned  for  a fliort  time.  He 
appears  a little  after  fun-fet,  and  again  a little 
before  fun-rife. 

Venus-  is  the  moft  beautiful  flar  in  the  heavens, 
known  by  the  names  of  the  morning  and  even- 
ing flar.  She  alfo,  like  Mercury,  keeps  near 
the  fun,  though  fhe  recedes  from  him  much 
further.  She,  like  him,  is  never  fecn  in  the 
eaftern  quarter  of  the  heavens,  when  the  fun  is 
in  the  weftern  ; but  always  either  attends  him  in 
the  evening,  or  gives  notice  of  his  approach  in 
the  morning. 

Mars  is  of  a red  fiery  colour,  giving  a much 
duller  light  than  Venus,  though  he  fomctimes 
appears  almofl  equal  to  her  in  flze.  He  is  not 
fubjedt  to  the  fame  limitations  in  his  motions  as 
Venus  and  Mercury,  but  appears  fomctimes- very 

near  the  fun,  at  others  at  a greater  diflance  from 

\ 

him. 
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him,  rifing  when  the  fun  fets,  or  fetting  when 
he  rifes. 

Jupiter  and  Saturn  likewife  often  appear  at 
great  diftances  from  the  fun.  The  former  fhines 
with  a bright  light,  the  latter  with  a pale  faint 
one.  The  motion  of  Saturn  among  the  fixed 
ilars  is  fo  flow,  that  unlefs  carefully  obferved, 
and  that  for  fome  time,  he  will  not  be  thought  to 
move  at  all. 

Th-  ^jeorgium  Sidus  Cannot  be  perceived 
without  the  afliftance  of  a telefcope. 

From  the  preceding  obfervations,  any  perfon 
may  eafily  learn  to  diftinguilh  all  the  planets.  If 
after  fun-fet  he  fees  a planet  nearer  the  eaft  than 
the  weft,  he  may  conclude  that  it  is  neither 
.Mu cur)  nor  Venus ; and  may  determine  whether 
it  is  Saturn,  Jupiter,  or  Mars,  by  the  colour  and 
light ; by  which,  alfo,  he  may  diftinguilh  be- 
tween Venus  and  Mercury. 

That  the  light  of  each  planet  has  it’s  peculiar 
tinge;  and  that  there  are  certain  fixed  ftars  that 
have  the  lame  tints,  was  known  to  the  Chal- 
deans. It  is  an  obfervation  beft  verified  in  thofe 
countries,  where  the  air  is  cleared;. 
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Befides  the  motions  which  we  obferve  in  all 

♦ 

the  planets,  their  apparent  magnitudes  are  very 
different,  at  different  times.  Every  one  mult 
have  obferved,  that  Venus,  though  (he  conflantly 
appears  with  great  fplendor,  is  not  always  of  the 
fame  lize  ; but  this  difference  of  magnitude  is 
mod  confpicuous  in  Mars,  it  is  remarkable  in 
Jupiter,  but  lefs  fo  in  Saturn  and  Mercury. 

The  only  phenomena  vifible  to  the  unaffided 
fight,  befides  thofe  already  defcribed,  are  thofe 
unexpected  obfcu rations  of  the  fun  and  moon, 
called  eclipses,  of  which  we  fhall  hereafter  fpeak 
more  particularly. 

We  have  now  defcribed  thofe  appearances,  . 
which  are  the  moft  ftriking  to  every  perfon  who 
has  paid  the  lead  attention  to  what  is  paffing  over 
his  head.  The  tutor  would  do  well  in  this  place, 
to  bring  his  pupil  acquainted  with  thefe  appear- 
ances, and  then  to  explain  them  to  him  by  the 
globe,  or  ferae  other  inftrument.  It  would  not 
be  amiis,  if  he  were  now  to  inftruct  him  by 
practical  obfervations,  and  fhew  him,  by  a fmall 
quadrant,  how  to  meafure  the  elevation  of  the 
liars,  8cc.  always  remembering  that  young 
minds  are  ever  aedive  in  fearch  of  impreffions 
from  external  objects ; and  that  thefe  are  more 
c permanent 
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permanent  than  thofe  made  by  words:  in  the 
former  the  mind  energizes,  and  is  brought  into 
action;  in  the  latter,  it  is  in  a great  degree 
paffive. 


4 4444444444 
44*444444 

4 4 4 4 4 4 4 

44444 
444 
4 -4 
4 


ESSAY 


*». 


E S S A Y I. 


P A . R T III, 


C 4 


\ 


( 4i  ) 


E S S - A Y I. 

PART  III. 


Of  the  Copernican,  or  Solar  System. 
FTER  having  Hated  what  would  be  the 


appearances  of  the  heavenly  bodies,  if  we 
were  placed  at  the  center  of  the  fyftem,  and  then 
given  a general  view  of  their  phenomena,  as  feen 
from  the  earth ; it  will  now  be  proper  to  fhew 
how  the  irregularities  that  are  difcovercd  in  one 
fituation,  are  to  be  reconciled  with  the  harmony 
and  order  that  would  be  vifible  if  they  were  to  be 
feen  from  the  other ; or  in  other  words,  to  (hew 
why  the  motions  of  the  planets  appear  to  us  fo 
different  from  what  they  really  are. 

One  of  the  ends  for  which  man  was  formed, 
is  to  correct  appearances  and  errors,  by  the  in- 
veftigation  of  truth : whoever  conliders-  him 
attentively,  from  infancy  to  manhood,  and  from 


manhood 
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manhood  to  old  age,  will  find  him  ever  bufy  in 
endeavouring  to  attain  Tome  reality,  to  fupply 
the  place  of  the  falfe  appearances,  by  which  he 
has  hitherto  been  deceived. 


It  is  the  bufinefs  of  the  prefent  part  of  this 
effay,  to  correct  the  errors  arifing  from  appear- 
ances, and  to  point  out  truth  by  a brief  detail  of 
the  principal  parts  of  the  Copernican  fyftem, 
which  is  now  univerfally  received,  becaufe  it 
rationally  accounts  for,  and  accords  with  the 
phenomena  of  the  heavens. 


<{  At  the  appointed  time,  when  it  pleafed  the 
fupreme  difpenfer  of  every  good  gift,  to  reitorc 
light  to  a bewildered  world,  and  more  particu- 
larly to  manifelt  his  wifdom  in  the  fimplicity,  as 
well  as  in  the  grandeur  of  his  works,  he  opened 
the  glorious  feene  with  a revival  of  found 
aftronomy  and  raifed  up  Copernicus  to  dif- 
pel  the  darknefs  in  which  it  was  then  involved. 

The  Copernican  fyflem  confifts  of  the  fun, 
feven  primary,  twelve  fccondary  planets,  and  the 
comets. 


The 
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The  feven  planers.  Mercury,  Venus,  the 
Earth,  Mars,  Jupiter,  Saturn,  and  the  Georgium 
Sidus,  move  round  the  fun,*  in  orbits  included 
one  within  the  other,  and  in  the  order  here  ufcd 
in  mentioning  their  names.  Mercury  being  that 
which  is  neareft  the  fun. 

Thefe  feven,  which  revolve  round  the  fun  as 
their  center,  are  called  primary  planets. 

0 

The  twelve  fmall  planets  revolve  round  the 
primary  ones  as  a center,  and  are  at  the'  fame 
time  cairied  round  the  fun  with  them  ; they  are 
theiefore  called  secondary  planets,  moons,  or 

SATELLITES. 

The  Georgium  Sidus  is  attended  by  two 
moons,  Saturn  by  five,  Jupiter  by  four,  and  the 
Earth  by  one  ; all  of  thefe,  excepting  the  laff,  are 
invifible  to  us,  on  account  of  the  fmallncfs  of  their 
fize,  and  the  greatnefs  of  their  diftance  from  us. 

Mercury  and  Venus  being  within  the  Earth’s 
orbit,  are  called  inferior  planets;  but  Mars, 

Jupiter, 

The  fun  is  not  abfolutely  at  reft,  being  fubjeft  to  a 

egree  of  motion,  which  is  confidered  in  larger  works 
°n  ailronomy. 
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Jupiter,  Saturn,  and  the  Georgium  Sidus,  being 
without  it,  are  called  superior  planets. 

The  orbits  of  all  the  planets  are  elliptical ; but 
as  the  principal  phenomena  of  the  Copernican 
fyftem  may  be  fatisfa&orily  illuftrated,  by  con- 
fidering  them  as  circular,  the  latter  fuppofition 
is  ufually  adopted  in  giving  a general  idea  of  the 
difpofition  and  motion  of  the  heavenly  bodies. 

It  is  clear,  from  a great  variety  of  proofs,  that 
the  aftronomers  of  antiquity  were  acquainted 
with  the  true  folar  fyftem,  as  revived  by  Coper- 
nicus. It  was  the  univerfal  doctrine  of  the 
Pythagorean  fchool,  and  is  clearly  marked  out  as 
fuch  by  Ariftotle:  for  thefe,  fays  he,  affert  that 
fire  is  in  the  midft  of  the  world,  and  that  the 
earth  is  one  pf  the  heavenly  bodies.  He  after- 
wards fpeaks  of  a fet  of  men,  who  held  a fyftem 
eftentially  fimilar  to  that  of  the  modern  femity- 
chonic.  Eudemus,  in  his  hiftory  ofaftronomy, 
as  cited  by  Anatolius,  fays,  that  Anaximander 
was  the  firft  who  difeovered  the  earth  to  be  one 
of  the  heavenly  bodies,  and  to  move  round  the 
center  of  the  world.  Ariftarchus  held  that  the 
earth  is  carried  round  the  fun,  in  the  circum- 
ference of  a circle,  of  which  the  fun  itfelf  is  the 

center  ; and  that  the  fphere  of  the  fixed  ftars  is  fo 

immenfe, 
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immenfe,  that  the  circle  of  the  earth’s  annual 
orbit  bears  no  greater  proportion  to  it,  than  the 
center  of  any  fphere  bears  to  it’s  whole  furface. 
Philolaus,  and  others,  declared  the  motion  of 
the  fun,  round  about  the  earth,  to  be  only  appa- 
rent. They  faw  and  felt  the  importance  of  his 
globe  over  our’s,  and  fuppofing  it’s  influence  to 
extend  to  much  larger  bounds  than  that  of  the 
earth,  they  placed  it  in  the  center  of  the  univerfe. 
Among  the  Romans,  we  find  that  Numa  built  a 
temple  to  reprefent,  as  Plutarch  interprets  it,* 
the  fyfiem  of  the  heavens,  with  a facred  fire  in 
the  center  of  it. f Thus  alfo  in  the  Jewifh  taber- 
nacle, the  feven  lights  had  a reference  to  the 
feven  chief  lights  of  the  heavens.  Hence  alfo 
the  heavens  are  called  in  facred  writ  the  taber- 
nacle of  the  fun ; the  whole  of  our  fyftem 
dwelling  within  his  influence.  The  foregoing 
citations  are,  we  prefume,  fufficient  to  fliew  that 
the  ancients  were  not  ignorant  of  the  true  folar 
fyflem.  Thofe  that  want  further  information  on 
this  head,  may  confult  the  notes  to  Sydenham’s 
tranflation  ol  the  Rivals  of  Plato,  Duten’s  inqui- 
ries 


* Plutarch  in  Vita  Nuvnae. 


i Focum  Vefla:  virginibus  colendum  dedit,  ut  ad  simi- 
litudinem  cffiLESTiuu  siderum  cuftos  imperii  flamma 
vigilaret.  Fior.  Hilt. 
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j-ies  into  the  origin  of  the  difeoveries  attributed 
to  the  moderns ; Jones’s  elfay  on  the  firft  prin- 
ciples  of  natural  philofophy  ; Baillie  hiftoire  de 
1’aftronomie  ancienne.  But  laying  thefe  authori- 
ties afide,  there  are  dirccft  proofs  to  fliew,  that  the 
mod  ancient  fages  could  not  be  ignorant  of  the 
true  fyftem  ; thefe,  however,  mult  be  left  to  fome 
other  occafion. 

We  are  greatly  indebted  to  Copernicus  for  the 
revival  of  this  fyftem,  and  being  bold  enough  to 
avow  it,  though  it  was  entirely  oppofed  to  the 
prejudices  of  the  age  he  lived  in.  In  praifing  of 
Copernicus,  let  us  not,  however,  endeavour  to 
do  away  the  well-earned  fame  of  Ptolemy ; his 
fyftem,  though  erroneous,  was  ingenious ; with 
it  the  world  was  content  for  many  ages.  It  was 
then  confidered  as  founded  upon  invincible  de- 
mon lira  don,  as  a facred  truth,  that  could  not  be 
weakened  by  the  powers  of  controverfy,  or 
fhaken  by  the  fluctuations  of  opinion.  Being  in 
pofteftion  of  higher  truth,  we  fhould  not  fpeak 
degradingly  of  thofe  who  preceded  us.  If  the 
ground  we  ftand  on  be  firm,  it  will  not  need  fup- 
port  from  the  empty  boaftings  of  declamation, 
the  authority  of  names,  or  the  contemptuous 
fneers  of  an  a Heeded  difdain  : the  writings  of 
modern  philofophers  furnifh  but  too  many  inftan- 
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ces  of  the  high  opinion  they  entertain  of  their 
own  knowledge,  and  their  contempt  of  thofe  who 
differ  from  them. 

•? 

Let  the  young  pupil  be  cautioned  not  to  con-, 
fine  the  idea  of  bigotry  to  the  fuperfiitious  zealots 
ot  religion  ; ior  he  vv  ill  find  as  much  attachment 
to  trifles,  as  much  blind  prejudice,  and  as  little 
love  to  truth  for  truth’s  fake,  among  thofe  who 
are  called  philofophers,  as  among  the  moff  in- 
veterate fe&arians,  or  the  wildeft  fanatics. 

Let  him,  therefore,  early  learn  to  diflinguifh 
the  different  degrees  of  evidence,  of  which  each 
fubjea  is  capable;  but  above  all,  let  him  ffudi- 
oufly  avoid  the  improper  conjunction  of  the  de- 
monftrative  evidence  of  one  fcience,  with  the 
bare  probability,  or  unfounded  affertions  in 
anothei  ; left,  like  thofe  who  have  gone  before 
him,  he  fhould  call  that  demonfirated,  which  is 
often  not  even  probable. 

o' 

Before  we  enter  into  a defeription  of  the 
fyftem,  it  may  be  necefTary  to  deiine  what  is 
meant  by  the  axis  of  a planet;  left  the  pupil 
ihould  conceive  them  to  turn  on  fuch  material 
axes,  as  are  ufed  in  the  machines  w hich  are  con- 
trived to  reprefent  the  planetary  fyftem. 

The 


I 


48  ASTRONOMICAL  ESSAYS. 

The  axis  of  a planet  is  a line  conceived  to 
be  drawn  through  it’s  center,  and  about  which  it 
continually  turns,  in  the  courfe  of  it’s  revolution 
round  the  fun  : the  extremities  of  this  line  ter- 
minate in  oppofite  points  of  the  furface  of  the 
planet,  and  are  called  it’s  poles;  that  which 
points  towards  the  northern  part  of  the  heaven, 
is  called  the  north  pole;  that  which  points  to- 
wards the  fouthern,  the  south  pole. 

A ball  whirled  from  the  hand  into  the  opcjn  air, 
turns  round  upon  a line  within  itfelf,  while 
it  is  moving  forward  ; fuch  a line  as  this  is  meant, 
w hen  we  fpeak  of  the  axis  of  a planet. 

Fig.  i,  plate  I.  reprefents  the  folar  fyftem, 
wherein  0 denotes  the  fun  ; A B the  circle  which 
the  neareft  planet,  Mercury,  defcribes  in  moving 
round  it ; CD  that  in  which  Venus  moves  ; F G 
the  orbit  of  the  earth  ; H K that  of  Mars  ; I N 
that  of  jupiier  ; O P that  of  Saturn;  and  Q^R 
that  of  the  Georgium  Sidus  ; beyond  this  are  the 
ftarry  heavens. 

The  fun  and  the  planets  are  fometimes  ex- 
preifcd  by  marks  or  charafters,  inflead  of  writing 
their  names  at  length.  The  chara&ers  are  as 

follow : 


f 


ASTRONOMICAL  ESSAYS. 


follow:  O the  fun,  g Mercury,  9 Venus, 
the  earth,  $ Mars,  1/  Jupiter,  Saturn. 
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Of  the  Sun. 


The  fun  is  the  center  of  the  fyftem,  round 
which  the  reft  of  the  planets  revolve.  It  is  the 
firft  and  greateft  object  of  agronomical  know- 
ledge, and  is  alone  enough  to  ftamp  a value  on 
the  fcience,  to  which  the  ftudy  of  it  belongs. 

The  fun  is  the  parent  of  the  feafons  j day  and 
night,  fummer  and  winter,  are  among  it’s  fur- 
prizing  effects.  All  the  vegetable  creation  are 
the  offspring  of  it’s  beams ; our  own  lives  are 
fupported  by  it’s  influence.  Nature  revives,  and 
puts  on  a new  face,  when  it  approaches  nearer  to 
us  in  fpring;  and  finks  into  a temporary  death 
at  his  departure  from  us  in  the  winter. 

Hence  it  was,  with  propriety,  called  by  the 
ancients  cor  coeli,  the  heart  of  heaven  ; for  as  the 
heart  is  the  center  of  the  animal  fyftem,  fo  is  the 
lun  the  center  of  our  univerfe.  As  the  heart  is  the 
fountain  of  the  blood,  and  the  center  of  heat  and 
motion  ; fo  is  the  fun  the  life  and  heat  of  the 
v. oild,  and  the  firft  mover  of  the  mundane 
fyftem.  When  the  heart  ceafes  to  beat,  the  cir- 
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cuit  of  life  is  at  an  end  ; and  if  the  fun  fhould 
ceafe  to  atff,  a total  flagnation  would  take  place 
throughout  the  whole  frame  of  nature. 

<{  By  his  magnetic  beam  he  gently  warms 
The  univerfe,  and  to  each  inward  part. 

With  gentle  penetration,  though  unfeen. 

Shoots  invifible  virtue.” 

The  fun  is  placed  near  the  center  of  the  orbits 
of  all  the  planets,  and  turns  round  his  axis  in 
twenty-five  days.  It  is  inclined  to  the  ecliptic  in 
an  angle  of  eight  degrees. 

Thofe  who  are  not  accuftomed  to  agronomical 
calculation,  will  be  furprized  at  the  real  magni- 
tude of  this  luminary;  which,  on  account  of  it’s 
diflance  from  us,  appears  to  the  eye  not  much 
larger  than  the  moon,  which  is  only  an  attendant 
on  this  earth.  When  looking  at  the  fun, 
they  are  viewing  a globe,  whofe  diameter  is 

890.000  Englifh  miles,  whofe  furface  contains 

2.488.461.360.000  fquarc  miles;  whereas  the 
earth  is  not  more  in  diameter  than  7950  miles  : fo 
that  the  fun  is  about  1,392,500  times  bigger  than 
the  earth.  It  is  reckoned  to  be  539  £ times  bigger 
than  all  the  planets  put  together.  Thus  as  it  is 
the  fountain  of  light  and  heat  to  all  the  planets, 
fo  it  alfo  far  furpaffes  them  in  it’s  bulk. 


If 
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If  the  fun  were  every  where  equally  bright,  his 
rotation  on  his  axis  would  not  be  perceptible ; 
but  by  means  of  the  fpots,  which  are  vifible  on 
his  pure  and  lucid  furface,  we  are  enabled  to  dis- 
cover this  motion. 

/ 

When  a fpherical  body  is  near  enough  to  ap- 
pear of  it’s  true  figure,  it  is  the  (hading  upofl  the 
different  parts  of  it's  furface  that  caufcs  it  to 
appear  of  that  figure  to  our  eyes  : for  as  a flat 
circular  piece  of  board,  when  it  is  properly 
fhaded  by  painting,  will  look  like  a fpherical 
body ; fo  the  fpherical  body  appears  of  it’s  true 
lhape,  for  the  fame  reafon  that  the  plane  board, 
in  the  prelent  inflance,  appears  fpherical.  But 
if  the  fphere  is  at  a great  diflance,  this  difference 
of  finding  cannot  be  difeerned  by  the  eye,  and 
confequently  the  fphere  will  no  longer  appear  of 
it’s  true  fhape ; the  finding  is  then  loft,  and  it 
feems  like  a flat  circle. 

It  is  thus  with  the  fun  ; it  appears  to  us  like  a 
bright  flat  circle,  which  flat  circle  is  termed  the 
sun  s disk.  By  the  afliftance  of  telefcopes, 
dark  fpots  have  been  obferved  on  this  difk,  and 
found  to  have  a motion  from  eaft  to  weft  • their 
velocity  is  greater  when  they  are  at  the  center, 
than  when  they  are  near  the  limb.  They  are  feen 

D 2 firft 


52 


ASTRONOMICAL  ESSAYS. 


firft  on  one  extremity,  and  by  degrees  come  for- 
wards towards  the  middle,  and  fo  pafs  on,  till 
they  reach  the  opposite  edge ; they  then  difap- 
pear ; and  after  they  have  Iain  hid  about  the 
fame  time  that  they  continued  vifible,  they  will 
appear  again  as  at  firft.  By  this  motion,  we  dif- 
cover  not  only  the  time  the  fun  employs  in  turn- 
ing round  his  axis,  but  alfo  the  inclination  of  it’s 
axis  to  the  plane  of  the  ecliptic. 

The  page  of  hifiory  informs  us,  that  there  have 
been  periods,  when  the  fun  has  wanted  of  it's 
accuftomed  brightnefs,  fhone  with  a dim  and 
obfcure  light  for  the  fpace  of  a whole  year.  1 his 
obfcurity  has  been  fuppofed  to  arife  from  his  fur- 
face  being  at  thofe  times  covered  with  fpots. 
Spots  have  been  feen,  that  were  much  larger  than 
the  earth. 

The  fun  is  fuppofed  to  have  an  atmofphere 
round  it,  which  occafions  that  appearance  which 
is  termed  the  zodiacal  light.  This  light  is 
feen  at  fotne  leafons  of  the  year,  either  a little 
after  fun  fet,  or  a little  before  fun-rife.  It  is 
faintly  bright,  and  of  a whitiih  colour,  rcfem- 
bliiig  the  milky  way.  In  the  morning  it  becomes 
brighter  and  larger,  as  it  rifes  above  the  horizon, 
till  the  approach  of  day,  which  dimimfhes  it's 
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fplendor,  and  renders  it  at  lad  invifible.  It’s 
figure,  is  that  of  a flat  or  lenticular  fpheroid, 
feen  in  profile.  The  direction  of  it’s  longer  axis 
coincides  with  the  plane  of  the  fun’s  .equator.  But 
it’s  length  is  fubjedl  to  great  variation,  fo  that 
the  difiance  of  it’s  fummit  from  the  fun,  varies 
from  45  to  120  degrees.  It  is  lecn  to  the  bed 
advantage  about  the  folftices.  It  was  firft  de- 
fcribed  and  named  by  Caflini,  in  j6 83  ; it  was 
noticed  by  Mr.  Childrey,  about  the  year  1650. 

O P THE  INFERIOR  PLANETS,  MeRCURY  ANB 

Venu;s. 


Of  Mercury.  £ 

Of  all  the  planets.  Mercury  is  the  lead  ; at  the 
fame  time,  it  is  that  which  is  neared  the  fun. 
It  is  from  his  proximity  to  this  globe  of  light, 
that  he  is  fo  feldom  within  the  lphere  of  our  ob- 
fervation,  being  lod  in  the  fplendor  of  the  folar 
brightnefs.  it  is  oftcner  feen  in  thofe  parts  of  the 
world,  which  are  more  fouthward  than  that 
which  we  inhabit ; and  oftener  to  us  than  to  thofe 
who  live  nearer  the  north  pole  ; for  the  more 
oblique  the  fphere  is,  the  Ids  is  the  planet’s  ele- 
vat  ion  above  the  horizon. 
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Mercury  never  removes  but  a few  degrees 
from  the  fun.  The  meafure  of  a planet’s  fepara- 
tion,  or  diftance,  from  the  fun,  is  called  it’s 
elongation.  His  greateft  elongation  is  little 
more  than  twenty-eight  degrees,  or  about  as  far 
as  the  moon  appears  to  be  from  the  fun,  the 
fecond  day  after  new  moon.  In  fome  of  it’s  revo- 
lutions, the  elongation  is  not  more  than  eighteen 


degrees. 


Mercury  is  computed  to  be  at  36,841,468 
miles  from  the  fun,  and  to  revolve  round  him  in 
87  days,  23 \ hours,  which  is  the  meafure  of  it’s 
year,  about  one -fourth  of  our’s.  As  from  the 
nearnefs  of  this  planet  to  the  fun,  we  neither 
know  the  time  it  revolves  round  it’s  axis,  nor  the 
inclination  of  that  axis  to  the  plane  of  it’s  orbit, 
we  are  neceffarily  ignorant  of  the  length  of  it’s 
day  and  night,  or  the  variety  of  feafons  it  may  be 
liable  to.  Mercury  is  3000  miles  in  diameter, 
and  therefore  contains  in  furface  28,274,400 
1 qua  re  miles.  Large  as  Mercury,  when  thus 
confidered,  appears  to  be,  it  is  but  an  atom, 
when  compared  with  Jupiter,  whofe  diameter  is 
94000  miles. 


Mercury  is  fuppofed  to  move  at  the  rate  of 
miles  per  hour-  1 he  fun  is 
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26,109,963  times  as  big  as  Mercury;  fo  that  it 
would  appear  to  the  inhabitants  of  Mercury  nearly 
three  times  larger  than  it  docs  to  us;  and  it’s  difk, 
or  face,  about  feven  times  the  fize  we  fee  it.  As 
the  other  five  planets  are  above  Mercury,  their 
phenomena  will  be  nearly  the  fame  to  it  as  to  us. 
Venus  and  the  earth,  when  in  oppofition  to  the 
fun,  will  (liine  with  full  orbs,  and  afford  a bril- 
liant appearance  to  the  Mercurian  lpectator. 

Mercury,  like  the  moon,  changes  it’s  phafes, 
according  to  it’s  feveral  politions  with  refpect  to 
the  fun  and  earth.  He  never  appears  quite 
round  or  full  to  us,  becaufe  his  enlightened  fide 
is  never  turned  directly  towards  us,  except  when 
he  is  fo  near  the  fun,  as  to  become  invifible. 
The  times  for  making  the  molt  favourable  obfer- 
vations  on  this  planet,  are,  when  it  pailes  before 
the  fun,  and  is  feen  traverfing  his  difk,  in 
the  form  of  a black  fpot.  This  happens  in  it’s 
lower  conjunction,  at  a particular  fituation  of  it’s 
nodes;  which  leads  us  to  mention  their  place  in 
the  ecliptic. 

The  angle  formed  by  the  inclination  of  the 
orbit  ci  Mercury  with  the  plane  ol  the  ecliptic, 
is  6V  54  min.;  the  node  from  which  Mercury 
afeends  northward,  above  the  plane  of  the  eel  ip— 
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tic,  is  in  the  14th  degree  of  Taurus ; the  opppfite 
one  in  the  1 4th  degree  of  Scorpio.  The  earth  is 
in  thefe  points  on  the  6th  of  November,  and  the 
4th  of  May.  If  Mercury,  at  his  inferior  con- 
junction, comes  to  either  of  his  nodes  about  thefe 
times,  he  will  appear  to  transit  over  the  chib* 
of  the  fun.  But  in  all  other  parts  of  his  orbit 
is  conjunctions  are  invifible,  becaufe  he  cither 
goes  above  or  below  the  fun. 

Of  Venus.  9 

Venus  is  the  brighteft  and  large  ft,  to  appear- 
ance, of  all  the  planets,  diftinguiftied  from  them 
all  by  a fupcriority  ofluftre;  her  light  is  of  a 
white  colour,  and  fo  confiderable,  that  in  a dufky 
place  flic  projects  a fenfible  fliade.  Milton  takes 
notice  of  her  fuperior  luftre,  in  defcribing  his 
evening  in  Paradife,  thus  : 

" Now  came  ftill  Ev’ning  on,  and  Twilight  grey 
Had  in  her  fober  liv’ry  all  things  clad  ; 

Silence  was  pleas’d:  now  glow’d  the  firma- 
ment 

With  living  saphires:  Hesperus,  that  led 

1 HE  STARRY  HOST,  RODE  BRIGHTEST  ; till  the 

moon, 

Riling  in  clouded  majelty,  at  length. 
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Apparent  queen,  unveil’d  her  peerlefs  light. 

And  o’er  the  dark  her  filver  mantle  threw.’1 

The  diameter  of  Venus  is  9330  miles;  {he 
contains  273,472,824  fquarc  miles  ; herdillancc 
from  the  fun  is  68,891,486  miles;  fhe  goes 
round  the  fun  in  224  days,  17  hours,  moving  at 
the  rate  of  80,295^  miles  per  hour.  It’s  axis 
is  inclined  to  the  plane  of  it’s  orbit,  in  an  angle 
of  75  degrees.  Her  orbit  makes  an  angle  of  3* 
20  min.  with  the  ecliptic;  one  node  is  at  the 
14th  degree  of  Gemini,  the  other  in  Sagittarius* 
Her  motion  round  her  axis  has  been  fixed 
by  home  at  23  hours;  by  others  at  above  24 
days.  She,  like  Mercury,  confhntly  attends 
the  fun,  never  departing  from  him  above  47 
or  48  degrees.  Like  Mercury,  flie  is  never 
feen  at  midnight,  or  in  oppofition  to  the  fun, 
being  vifible  only  for  three  or  four  hours  in  the 

morning,  or  evening,  according  as  fhe  is  before 
or  after  the  fun. 

One  would  not  imagine  that  this  planet,  which 
appears  fo  much  fuperior  to  Saturn  in  the  hea^ 
vcns>  i-s  f°  inconfiderable  when  compared  to  it ; 
for  the  diameter  of  Saturn  is  7 8,000  miles ; while, 
pn  the  other  hand,  one  would  fcarce  imagine 
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that  Venus,  which  appears  but  as  a lucid  fpangle 
in  the  heavens,  was  fo  large  a globe  as  fhe  truly 
is,  her  diameter  being  9330  miles.  It  is  the 
ddtance  which  produces  thefe  effeCts;  which 
gives  and  takes  aw'ay  the  magnitude  of  things. 

When  this  planet  is  in  that  part  of  it’s  orbit 
which  is  weft  of  the  fun,  that  is,  from  her  in- 
ferior conjunction  to  her  fuperior,  fhe  rifes  before 
him  in  the  morning,  and  is  called  phosphorus, 
or  lucifer,  or  the  morning  star.  When  fhe 
appears  eaft  of  the  fun,  that  is,  from  her  fuperior 
conjunction  to  her  inferior,  fhe  fets  in  the  even- 
ing after  him  ; or  in  other  words,  fhines  in  the 
evening  alter  he  fets,  and  is  called  hesperus,  or 
vesper,  or  the  evening  star. 

The  inhabitants  of  Venus  will  fee  the  planet 
Mercury  always  accompanying  the  fun;  and  he 
will  be  to  them,  by  turns,  an  evening  or  a 
morning  ftar,  as  Venus  is  to  us.  To  the  fame 
inhabitants,  the  fun  will  appear  almoft  twice  as 
large  as  he  does  to  us, 

Venus,  when  viewed  through  a telefcope,  is 
feldom  fecn  to  thine  with  a full  face;  but  has 
phafes,  juft  like  the  moon,  from  the  fine  thin 
crcfcent  to  the  enlightened  hemifphere.  Her 
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illuminated  part  is  conftantly  turned  towards  the 
fun  ; hence  it’s  horns  are  turned  towards  the  eaft 
when  it  is  a morning  ftar,  and  towards  the  weft 
when  it  is  an  evening  ftar. 

We  are  told,  that,  when  Copernicus  firft  pub- 
lifhed  his  account  of  the  folar  fyftem,  it  wras  ob- 
jected to  him  that  it  could  not  be  true,  becaufe  if 
it  was,  the  inferior  planets  muft  have  different 
phafes,  according  to  their  different  fttuation  with 
refpeCt  to  the  fun  and  earth  ; whereas  they  al- 
ways appear  round  to  us.  The  anfwer  faid  to  be 
made  by  him,  is,  that  they  appear  round  to  the 
eye  by  reafon  of  their  diftance ; but  if  we  could 
have  a nearer,  or  more  diftinCt  view  of  them,  we 
fhould  fee  in  them  the  fame  phafes  we  do  in  the 
moon.  The  invention  of  telefcopes  is  faid  to 
have  verified  this  prediction  of  Copernicus. 

But  it  is  neither  probable,  that  a defender  of 
the  Ptolemaic  fyftem  fhould  make  fuch  an  objec- 
tion, or  Copernicus  fuch  an  anfwer  ; fince  in 
the  Ptolemaic,  as  well  as  in  the  Copernican 
fyftem,  the  fhape  of  thefe  planets  ought  to 
change,  juft  as  the  moon  does  ; confequentiy,  the 
mere  change  of  fhape  in  the  inferior  planets  is  an 
argument,  which,  in  the  common  way  of  urging 
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it,  proves  nothing  at  all  as  to  the  truth  or 
faifhood  of  the  Copernican  fyftem. 

if,  befides  the  changes  of  fhape  made  in  the 
inferior  planets,  we  confider  the  lituation  of  the 
planets  with  refpedt  to  the  fun,  when  thefe 
changes  happen;  this,  indeed,  will  Hie w us,  that 
the  Ptolemaic  fyftem  is  falfe,*  as  will  be  feen  in  a 
fubfequent  part  of  this  effay. 

Taking  the  times  in  which  the  planets  move 
round  the  fun,  for  the  length  of  their  year  ; and 
the  times  of  their  turning  round  their  axes,  for 
the  length  of  their  days  and  nights  together ; and 
affuming,  as  true,  the  obfervations  of  Bianchini, 
relative  to  the  rotation  of  Venus  round  her  axis ; 
\ve  may  fay,  that  a day  and  a night  in  Venus  is  as 
long  as  23-  days  and  nights  with  us  ; her  axis 
inclines  75  degrees  from  the  axis  of  her  orbit,  on 
which  account  the  length  of  her  days  and  nights 
differ  much  more  in  proportion,  and  the  variation 
ofherfeafons  is  greater  than  thofe  of  our  earth. 
She  very  fcldom  has  the  forenoon  and  afternoon 
of  the  fame  day  of  an  equal  length.  At  her 
equator  Hie  has  the  four  feafons  twice  every  year, 
with  other  peculiarities,  which  are  enumerated  in 
larger  treatifes  on  this  fubjedb 

Venus 

* Rutherforth’s  Syftem  of  Natural  philofopliy,  vol.  2,. 
P 78** 
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Yrenus  is  fomctimes  feen  paHing  over  the  difk 
of  the  fun,  as  a round  dark  fpot.  Thefe  appear- 
ances, which  are  called  tranfits,  happen  very 
lcldoin  ; there  have  been  two  within  thefe  few 
years,  the  one  in  June,  1761,  the  other  in  June, 
1769  ; the  next  will  be  in  the  year  1874. 

Of  the  Earth.  0 

The  next  planet  that  comes  before  us,  is  the 
earth  that  we  inhabit ; fmall  as  it  really  is  when 
compared  to  fome  of  the  other  planets,  it  is  to  us 
of  the  higheft  importance  : we  wifh  only  to  attain 
knowledge  of  the  others,  that  we  may  find  out 
their  relation  to  this,  and  from  thence  learn  our 
connexion  with  the  univerfe  at  large.  But 
when  viewed  with  an  eye  to  eternity,  it’s  value  to 
us  is  heightened  in  a manner  that  exceeds  ex- 
prefilon,  and  furpafles  all  the  powers  of  the 
human  mind.  He  alone  can  form  fome  idea  of 
it,  who  in  the  regions  of  celeftial  blifs  is  become 
a partaker  of  the  length  and  breadth,  the  depth 
and  heighth,  of  divine  love. 

The  orbit  of  the  earth  is  placed  between  thofe 
of  Venus  and  Mars.  The  diameter  of  the  earth 
ts  797°  miles ; it’s  furface  contains  199,557,259 
fquaic  miles ; it’s  difiance  from  the  fun  is 
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95,I73J°°°  miles,  and  goes  round  him  in  a year, 
moving  at  the  rate  of  68,243^0  miles  per  hour. 

It  turns  round  it's  axis  from  west  to  east, 
in  twenty-four  hours,  which  occafions  the  appa- 
rent diurnal  motion  of  the  fun,  and  all  the 
heavenly  bodies  round  it,  from  east  to  west  in 
the  fame  time  ; it  is,'  of  courfe,  the  caufe  of  their 
riling  and  fetting,  of  day  and  night. 

The  axis  of  the  earth  is  inclined  23  \ degrees 
to  the  plane  of  it’s  orbit,  and  keeps  in  a dire&ion 
parallel  to  itfelf,  throughout  it’s  annual  courfe, 
which  caufes  the  returns  of  fpring  and  fummer, 
autumn  and  winter.  Thus  his  diurnal  motion 
gives  us  the  grateful  viciffitude  of  night  and  day, 
and  his  annual  motion  the  regular  lucccffion  of 
feafons. 

Of  tiie  Moon.  ([ 

Next  to  the  fun,  the  moon  is  the  molt  fplendid 
and  fhining  globe  in  the  heavens,  the  fatcllite, 
or  infeparable  companion  of  the  earth.  By 
diflipating,  in  fome  meafure,  the  darknefs  and 
horrors  of  the  night;  by  her  various  appearances, 
fubdividing  the  years  into  months;  bv  regu- 
lating the  flux  and  reflux  of  the  fea  ; Ike  not 
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only  becomes  a pleafing,  but  a welcome  object ; 
an  objeft:  affording  much  lor  fpeculation  to  the 
contemplative  mind,  of  real  ufe  to  the  navigator, 
the  traveller,  and  the  hufbandman. 

That  the  moon  appears  fo  much  larger  than 
the  other  planets,  is  owing  to  her  vicinity  to  us ; 
for  to  a fpectator  in  the  fun  fhe  would  be 
fcarcely  vifible,  without  the  afliftance  of  a 
telefcopc.  Her  diffance  is  but  fmall  from  us, 
when  compared  with  that  of  the  other  heavenly 
bodies;  for  among  thcfe,  the  leaf!  abfolute  diff 
tance,  when  put  down  in  numbers,  will  appear 
great,  and  the  fmalleff  magnitude  immenfe. 

The  moon  is  2180  miles  in  diameter;  her 
bulk  is  in  proportion  to  the  earth  as  1 to  48  & ; 
her  diffance  from  the  center  of  the  earth  240,000 
miles;  fhe  goes  round  her  orbit  in  27  days,  7 
hours,  43  minutes,  moving  at  the  rate  of 
2299tVo  miles  per  hour.  The  time  in  going 
round  the  caith,  reckoning  from  • change  to 
change,  is  29  days,  12  hours,  44  minutes. 

Her  orbit  is  inclined  to  the  ecliptic,  in  an 
angle  of  5 degrees,  18  minutes,  cutting  it  in  two 
points,  which  are  diametrically  oppofite  to  each 
other;  thele  points  are  called  her  nodes.  The 
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nodes  have  a motion  weft  ward,  or  contrary  to 
the  order  of  the  figns,  making  a complete  revolu- 
tion in  about  nineteen  years;  in  which  time, 
each  node  returns  to  that  point  of  the  ecliptic 
whence  it  before  receded. 

While  the  moon  is  making  her  revolution 
round  the  heavens,  fhe  undergoes  great  changes 
in  her  appearance.  She  is  fometimes  on  our 
meridian  at  midnight,  and  therefore  in  that  part 
of  the  heavens  which  is  oppofite  to  the  fun  ; in 
this  flotation  ftie  appears  as  a complete  circle, 
and  it  is  fa  id  to  be  full  moon.  As  (he  moves 
eaftward,  file  becomes  deficient  on  the  weft  fide, 
and  in  about  7*.  days  comes  to  the  meridian,  at 
about  fix  in  the  morning,  having  the  appearance 
of  a femicircle,  with  the  convex  fide  turned  to- 
wards  the  fun ; in  this  ftate,  her  appearance  is 
called  the  half  moon.  Moving  on  {fill  caft- 
ward,  ftie  becomes  more  deficient  on  tne  weft, 
and  has  the  form  of  a crefcent,  with  the  convex 
fide  turned  towards  the  fun ; this  crefcent  be- 
comes continually  more  flender,  till  about  14 
days  after  the  full  moon,  flic  is  fo  near  the  fun, 
that  fhe  cannot  be  feen,  on  account  of  his  <weat 
fplendor.  About  four  days  after  this  difappear- 
ance,  fhe  is  feen  in  the  evening,  a little  to  the 
eaftward  of  the  fun,  in  the  form  of  a fine  crefcent, 

with 
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with  the  convex  fide  turned  from  the  fun  ; mo- 
ving hill  to  the  eaftward,  the  crefcent  becomes 
more  full;  and  when  the  moon  comes  to  the 
meridian,  about  fix  in  the  evening,  fhe  has  again 
the  appearance  of  a bright  femicircle  ; advancing 
hill  to  the  eaflward,  hie  becomes  fuller  on  the 
tall  fide  ; at  laft,  in  about  29!  days,  fine  is  again 
oppofite  to  the  fun,  and  again  full. 

It  frequently  happens,  that  the  moon  is  eclip- 
fed  when  at  the  full ; that  the  fun  is  eclipfed 
fome  time  between  the  difappearance  of  the  moon 
in  the  morning  on  the  well  fide  of  the  fun,  and 
her  appearance  in  the  evening  on  the  eaft  fide  of 
the  fun.  1 he  nature  of  thefe  phenomena  will 
be  more  fully  confidered,  when  we  come  to  treat 
particularly  of  eclipfes. 

In  every  revolution  of  the  moon  about  the 
earth,  (lie  turns  once  round  upon  her  axis,  and 
therefore  prefents  the  fame  face  to  our  view  ; and 
her  day  and  night  together  are  as  long  as  our 
lunar  month.  As  we  fee  only  one  fide  of  the 
moon,  we  are  therefore  invifible  to  the  inhabi- 
tants on  the  oppofite  fide,  without  they  take  a 
journey  to  that  fide  which  is  next  to  us,  for  which 

purpofe  fome  of  them  muft  travel  more  than 
1500  miles. 
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As  the  moon  illuminates  the  earth  by  a light 
refledted  from  the  fun,  fhe  is  reciprocally  en- 
lightened, but  in  a much  greater  degree,  by  the 
earth;  for  the  furfacc  is  above  13  times  greater 
than  that  of  the  moon  ; and  therefore,  fuppofmg 
their  power  of  refletting  light  to  be  equal,  the 
earth  will  refled  13  times  more  light  on  the 
moon  than  fhe  receives  from  it.  When  it  is 
what  we  call  new  moon,  we  (hall  appear  as  a full 
moon  to  the  Lunarians ; as  it  increafes  in  light 
to  us,  our’s  w ill  decreafe  to  them : in  a word, 
our  earth  will  exhibit  to  them  the  fame  phafes  as 
ihe  does  to  us. 

We  have  already  obferved,  that  from  one  half 
of  the  moon  the  earth  is  never  feen ; from  the 
middle  of  the  other  half,  it  is  always  feen  over 
head,  turning  round  almoft  thirty  times  as  quick 
as  the  moon  does.  To  her  inhabitants,  the  earth 
feems  to  be  the  largeff  body  in  the  univerfe, 
about  thirteen  times  as  large  to  them,  as  fhe 
does  to  us.  As  the  earth  turns  round  it’s  axis, 
the  feveral  continents  and  iflands  appear  to  the 
Lunarians  as  fo  many  fpots,  of  different  forms ; 
by  thefe  fpots,  they  may  determine  the  time  ot 
the  earth’s  diurnal  motion  ; by  thefe  fpots,  they 
may,  perhaps,  meafure  their  time, — they  cannot 
have  a better  dial. 


6 


Of 


ASTRONOMICAL  ESSAYS. 


6; 


i 

Of  the  superior  Planets. 

Mars,  Jupiter,  Saturn,  and  the  Georgium 
Sidus,  are  called  fuperior  planets,  bccaufe  they 
are  higher  in  the  fyftem,  or  farther  from  the 
center  of  it,  than  the  earth  is; 

They  exhibit  feveral  phenomena,  which  are 
\ery  different  horn  thofe  of  Mercury  and  Venus  ; 
among  other  things,  they  come  to  our  meridian 
both  at  noon  and  midnight,  and  are  never  feen 
crofling  the  fun’s  difk. 


Of  Mars,  g 


x > 

Mars  is  the  leaft  bright  and  elegant  of  all  the 
planets ; it’s  orbit  lies  between  that  of  the  earth 
and  Jupiter,  but  very  diftant  from  both.  He 
appears  of  a dufky  reddifh  hue;  from  the  dull- 
nefs  of  his  appearance,  many  have  conje&u red 
that  he  is  encompaffed  with  a thick  cloudy  atmo- 
fphere. 


Mars,  which  appears  fo  inconfiderable  in  the 
Heavens,  is  5,400  miles  in  diameter,  91,608,956 
fquare  miles  in  fuperficial  content.  It’s  diffance 
fiomthefun  is  145,014,148  miles.  It  goes  round 
the  fun  in  1 year,  321  days,  17  hours,  moving  at 
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the  rate  of  55,287  miles  per  hour.  It  revolves 
round  it’s  axis  in  24  hours,  40  minutes ; it’s  orbit 
is  inclined  to  the  ecliptic,  at  an  angle  of  1 deg. 
52  min. ; to  an  inhabitant  in  Mars,  the  fun 
would  appear  one-third  lefs  in  diameter  than  it 
does  to  us. 

Mars,  when  in  oppofition  to  the  fun,  is  five 
times  nearer  to  us  than  when  in  conjunction. 
This  has  a very  vifible  effect  on  the  appearance 
of  the  planet,  cauling  him  to  appear  much  lar- 
ger at  fome  periods  than  at  others. 

The  axis  of  this  planet  is  nearly  at  right  angles 
to  it’s  orbit.  The  time,  therefore,  the  fun  is 
above  the  horizon,  or  the  length  of  the  natural 
day,  will  almolt,  in  every  part,  be  equal  to  the 
night,  or  the  time  the  fun  is  below  the  horizon. 
There  will  be  very  little  change  or  variety  of 
feafons ; but  places,  in  different  latitudes,  will 
have  very  different  degrees  of  light  and  cold,  on 
account  of  the  different  inclination  of  the  fun’s 
rays  to  the  horizon. 

A fpeeffator  in  Mars  will  rarely,  if  ever,  fee 
Mercury,  except  when  they  fee  it  paffing  over 
the  fun’s  difk.  Venus  will  appear  to  him  at 
about  the  fame  diftance  from  the  fun,  as  Mercury 
r appears 
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appears  to  us.  The  earth  will  appear  about  the 
fize  of  Venus,  and  never  above  48  degrees  from 
the  fun ; and  will  be,  by  turns,  a morning  and 
evening  liar  to  the  inhabitants  of  Mars. 

Of  Jupiter.  % 

Jupiter  is  fituated  ftill  higher  in  the  fyftem, 
revolving  round  the  fun,  between  Mars  and 
Saturn.  It  is  the  largeft  of  all  the  planets,  and 
eafily  diftinguifhcd  from  them  by  his  peculiar 
magnitude  and  light.  To  the  naked  eye  it  ap- 
pears almoft  as  large  as  Venus,  but  not  altogether 
fo  bright. 

Jupiter  revolves  round  it's  axis  in  9 hours,  56 
minutes ; round  the  fun  in  4332  days,  12  hours, 
20  minutes,  or  near  12  years.  The  difpropor- 
tion  of  Jupiter  to  the  earth,  in  fize,  is  very 
great ; viewing  him  in  the  heavens,  we  confider 
him  as  fmall  in  magnitude;  whereas  he  is  in 
reality  94,000  miles  in  diameter,  and 

25>759j°77i6co  fquare  miles  in  faperficial  con- 
tent; his  diftance  from  the  fun  is  494,990,976 

miles;  he  moves  at  the  rate  of  rather  more  than 
22,101  miles  per  hour;  his  orbit  is  inclined  to 
the  ecliptic,  at  an  angle  of  1 deg.  20  min 
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To  an  eye  placed  in  Jupiter,  the  fun  would  not 
be  a fifth  part  of  the  fize  he  appears  to  us,  and 
his  difk  be  25  times  lefs.  Though  Jupiter  be  the 
largeft  of  all  the  planets,  yet  it’s  revolution  round 
it’s  axis  is  the  fwifteft.  The  polar  axis  is  fhorter 
than  the  equatoreal  one,  and  his  axis  perpendi- 
cular to  the  plane  of  his  orbit. 

Jupiter,  when  in  oppofition  to  the  fun,  is 
much  nearer  the  earth,  than  when  he  is  in  con- 
junction with  him ; at  thofe  times  he  appears 
alfo  larger,  and  more  luminous  than  at  other 
times. 

Jupiter  is  attended  by  four  fatellites,  or  moons  • 
thefe  are  invifible  to  the  naked  eye  ; but  through 
a telefcope  they  make  a beautiful  appearance. 
As  our  moon  turns  round  the  earth,  enlightening 
the  nights,  by  refle&ing  the  light  fne  receives 
from  the  fun,  fo  thefe  alfo  enlighten  the  nights  of 
Jupiter,  and  move  round  him  in  different  periods 
of  time,  proportioned  to  their  feveral  diffances  : 
and  as  the  moon  keeps  company  with  the  earth 
in  it’s  annual  revolution  round  the  fun ; fo 
thefe  accompany  Jupiter  in  it’s  courfe  round 
that  luminary. 
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In  fpeaking  of  the  fateilites,  we  diftinguifh 
them  according  to  their  places,  into  the  firft, 
the  fecond,  and  fo  on  ; by  the  firft,  w e mean  that 
which  is  neared  to  the  planet. 

In  Jupiter,  the  days  and  nights  are  of  an  equal 
length,  each  being  about  five  hours  long.  We 
have  already  obferved,  that  the  axis  of  his  diurnal 
rotation  is  nearly  at  right  angles  to  the  plane  of 
his  annual  one  ; and  here,  3s  far  as  we  may  reafon 
from  analogy,  we  may  difcover  the  footfteps  of 
that  wifdom,  which  is  fo  confpicuous  in  all  the 
works  of  the  Creator : for  if  the  axis  of  this  planet 
were  inclined  by  any  considerable  number  of 
degrees,  juft  fo  many  degrees  round  each  pole 
would,  in  their  turn,  be  almoft  fix  years  in  dark— 
hetS ; an<^  as  Jupiter  is  of  fuch  an  amazing  fize, 
in  this  cafe  immenfe  regions  of  land  would  be 
uninhabitable. 

The  ou  term  off  of  Jupiter’s  fateilites  will  ap- 
pear almoft  as  big  as  the  moon  does  to  us;  five 
times  the  diameter,  and  twenty-five  times  the 
diflv  of  the  fun.  The  four  fateilites  mud  afford  a 
pleadng  fpeftacle  to  the  inhabitants  of  Jupiter; 
for  fometimes  they  will  rife  all  together,  fome- 
tiniCi  bead  together  on  the  meridian,  ranged  one 
uuuei  another,  befid’s  frequent  eclipfcs.  Not- 
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withftanding  the  diftance  of  Jupiter  and  his 
fatellites  from  us,  the  eclipfes  thereof  are  of 
confiderable  ufe,  for  afcertaining  with  accuracy 
the  longitude  oi  places.  From  the  four  fatellites^ 
the  inhabitants  of  Jupiter  will  have  four  different 
kinds  of  months,  ana  the  number  of  them  in 
their  year  not  lefs  than  4500. 

An  aflronomer  in  Jupiter  will  never  fee  Mer- 
cury, Venus,  the  earth,  or  Mars  ; becaufe,  from 
the  immenfe  diftance  at  which  he  is  placed,  they 
mult  appear  to  accompany  the  fun,  and  rife  and 
fet  with  him  ; but  then  he  will  have  for  the  ob- 
jects of  obfer  vat  ion,  his  own  four  moons,  Saturn, 
his  ring  and  fatellites,  and  probably  the  Geor- 
gium  Sidus. 


Of  Saturn.  F 

Before  the  difcovery  of  the  Georgium  Sidus, 
Saturn  was  reckoned  the  moll  remote  planet  in 
our  fyftem ; he  fhines  but  with  a feeble  light, 
lefs  bright  than  Jupiter,  though  lefs  ruddy  than 
Mars.  The  uninformed  eye  imagines  not,  when 
it  is  directed  to  this  little  fpeck  of  light,  that  it  is 
viewing  a large  and  glorious  globe,  one  ot  the 
moll  ftupendous  of  the  planets,  whofe  diameter 
is  78.000  miles,  whofe  furface  contains 
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19,113,494,400  fquare  miles.  We  need  not, 
however,  be  furprized  at  the  vah  bulk  of  Saturn, 
2nd  it’s  difproportion  to  it’s  appearance  in  the 
heavens  ; for  we  are  to  confider,  that  all  objedls 
decreafe  in  their  apparent  magnitude,  in  propor- 
tion to  their  didance  ; but  the  didance  of  Saturn 
is  immenfe ; that  of  the  earth  from  the  fun  is 

95>I73>000  miles;  of  Saturn,  907,956,130 
miles  ! 


The  length  of  a planet’s  year,  or  the  time  of 
it’s  revolution  round  it’s  orbit,  is  proportioned 
to  it’s  didance  from  the  fun.  Saturn  goes 
round  the  fun  in  29  years,  167  days,  6 hours, 
moving  at  the  rate  of  rather  more  than  22,101 
miles  per  hour.  His  orbit  is  inclined  to  the 
ecliptic,  in  an  angle  of  deg.  30  min. 

It  has  not  yet  been  afcertained  by  agronomical 
obfervation,  whether  Saturn  revolves  or  not  upon 
Hib  axis  : we  are  therefore  ignorant  of  the  length 
of  his  day,  and  of  his  night.  The  fun’s  difk  will 
appear  ninety  times  lefs  to  an  inhabitant  of  Saturn, 
than  it  does  to  us ; but  notwithdanding  the  fun 
appears  fo  hnall  to  the  inhabitants  of  the  regions 
pf  Jupiter  and  Saturn,  the  light  that  he  will  afford 
them  is  much  more  than  would  be  at  firft  fuppo- 
, and  calculations  have  been  made,  from 

which 
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which  it  is  inferred,  that  the  fun  will  afford  500 
times  as  much  light  to  Saturn,  as  the  full  moon 
to  us;  and  1 600  times  as  much  to  Jupiter.  To 
eyes  likeour's,  unaffihcd  by  infiruments,  Jupiter 
and  the  Georgium  Sidus  w ould  be  the  only  planets 
feen  from  Saturn,  to  whom  Jupiter  would  fome- 
times  be  a morning,  fometimes  an  evening  ftar. 

There  is  a lingular  and  curious  appendage  to 
the  planet  Saturn  ; a thin,  broad,  opake  ring, 
encompaffmg  the  body  of  that  planet,  without 
touching  it,  like  the  horizon  of  an  artificial  globe, 
appearing  double  when  viewed  through  a good 
telefcope.  The  fpace  between  the  ring  and  the 
globe  of  Saturn,  is  fuppofed  to  be  rather  more 
than  the  breadth  of  the  ring,  and  the  greatefi:  di- 
ameter of  the  ring  to  be  in  proportion  to  that  of 
the  globe,  as  7 to  3 ; the  plane  of  the  ring  is  in- 
clined to  the  plane  of  the  ecliptic,  in  an  angle  of 
30  degrees,  and  is  about  21 ,900  miles  in  breadth. 
It  puts  on  different  appearances  to  us,  fometimes 
being  feen  quite  open,  at  others  only  as  a line 
upon  the  equator.  It  is  probable,  that  it  will  at 
times  call;  a fhadow  over  vaft  regions  of  Saturn's 
body.  The  ring  of  Saturn,  confidered  as  a broad 
fiat  ring  of  folid  matter,  fufpended  round  the  body 
of  the  planer,  and  keeping  it’s  place  without  any 
connection  with  the  body,  is  quite  different 

from 
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from  all  other  planetary  phenomena  with  which 
we  are  acquainted.  Of  the  nature  of  this  ring, 
various  and  uncertain  were  the  conjectures  of  the 
firft  obfervers  ; yet  they  were  not  lefs  perplexed, 
thanrfhofe  ol  the  latch.  Of  it’s  ufe  to  the  in- 
habitants of  Saturn,  we  are  equally  ignorant ; 
though  there  are  reafons  for  fuppofing  that  it 
would  appear  to  them  as  little  more  than  a white 
or  bright-coloured  cloud.  Some  of  the  phaeno- 
jnena  of  Saturn’s  ring  will  be  treated  of  more 
particularly  in  another  part  of  this  eiTay. 

Saturn  is  not  only  furnifhed  with  this  beautiful 
ring,  but  it  has  alfo  five  attendant  moons. 

"Of  the  Georgium  Sidus, 

From  the  time  of  Huygens  and  Caflini,  to  the 
difeovery  of  the  Georgium  Sidus  by  Dr.  Herfchel, 
though  the  intervening  fpace  was  long,  though 
the  number  of  aftronomers  was  increafed,  though 
affiduity  in  obferving  was  affifted  by  accuracy  and 
perfection  in  the  inllruments  of  obfervation,  yet 
no  new  difeovery  was  made  in  the  heavens,  the 
boundaries  of  our  fy  hem  were  not  enlarged.  The 
inquifitive  mind  naturally  inquires,  why,  when 
the  number  that  cultivated  the  fcience  was  in- 
creafed, when  the  fcience  itfelf  was  fo  much 

improved^ 
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improved,  in  practical  difcoveries  it  was  fa 
deficient  ? A fmall  knowledge  of  man  will  anfwer 
the  queftion,  and  obviate  the  difficulty. 

The  mind  of  man  has  a natural  propenfity  to 
indolence;  the  ardour  of  it’spurfuits,  when  they 
are  unconnected  ^vith  felfiffi  views,  are  foon 
abated,  fmall  difficulties  difcourage,  a little  in- 
convenience fatigues  him,  and  his  reafon  will  foon 
find  excufcs  to  juftify,  and  even  applaud  his 
weaknefs.  In  the  prefent  infiance,  the  un- 
manageable length  of  the  telefcopes  that  were  in 
life,  and  the  continual  expofure  to  the  cold  air  of 
the  night,  were  the  difficulties  the  afironomer 
had  to  encounter  with  ; and  he  foon  perfuaded 
himfelf,  that  the  fame  effe&s  would  be  produced 
by  fhorter  telefcopes,  with  equal  magnifying 
power;  herein  was  his  miftake,  and  here  the  rea- 
son why  fo  few  difcoveries  have  been  made  lince 
the  time  ol  Caffini.  A fimilar  infiance  of  the 
retrogradation  of  fcience,  occurs  in  the  hifiory  of 
the  microfcope,  as  I have  Ihevvn  in  my  eflays  on 
that  inftrument. 

1 he  Crcorgium  Sidus  was  difcoverea  by  Dr, 
Herfchel,  in  the  year  1781  ; for  this  difcovery 
he  obtained  from  the  Royal  Society  the  honorary 
rccompcnce  of  Sir  Godfrey  Copley’s  medal.  He 

fiamcd 
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named  the  planet  in  honour  of  his  Majefty  King 
George  III.  who  has  taken  Mr.  Herfchel  under 
his  patronage,  and  granted  him  an  annual 
falary. 

In  fo  recent  a difeovery  of  a planet  fo  diftant, 
many  particulars  cannot  beexpe&cd.  It’s  year  is 
fuppofed  to  be  more  than  83  fiderial  years ; the 
inclination  of  it’s  orbit  43  min.  35  feconds;  it’s 
bulk  to  that  of  the  earth  as  4,454  to  1 . It’s  light 
is  of  a blueifh  white  colour,  and  it’s  brilliancy 
between  that  of  the  moon  and  Venus. 

With  a telefcope,  which  magnifies  about  300 
times,  it  appears  to  have  a very  well  defined 
vifible  difk ; but  with  inffruments  of  a fmaller 
power  it  can  hardly  be  diftinguifhed  from  a fixed 
ftar,  between  the  fixth  and  feventh  magnitude. 
When  the  moon  is  abfent,  it  may  a!fo  be  fecn 
by  the  naked  eye. 

This  general  view  of  the  folar  fyftcm  cannot.  I 

apprehend,  be  better  concluded  than  in  the 

words  of  that  excellent  mathematician,  Mr. 
Maclaurin. 

“ The  view  of  nature,  which  is  the  immediate 
objeeft  of  fenfe,  is  very  imperfect,  and  of  fmall 

extent ; 
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extent ; but  by  the  afliftance  of  art,  and  the  aid 
of  reafon,  becomes  enlarged,  till  it  lofes  itfelf  in 
infinity.  As  magnitude  of  every  fort,  ab- 
ftractedly  conlidered,  is  capable  of  being  in- 
creafcd  to  infinity,  and  is  alfo  divifible  without 
end  ; fo  we  find,  that  in  nature  the  limits  of  the 
greateft  and  leaf!:  dimenfions  of  things,  are 
adlually  placed  at  an  immenfe  diftance  from  each 
other. 

it  \\re  can  perceive  no  bounds  of  the  vaft  ex- 
panfe,  in  which  natural  caufes  operate,  and  fix 
no  limit,  or  termination,  to  the  univerfe.  The 
objects  we  commonly  call  great,  vanifb,  when 
we  contemplate  the  vafi;  body  of  the  earth.  The 
terraqueous  globe  itfelf  is  loft  in  the  folar  fyftem  ; 
the  fun  itfelf  dwindles  into  a ftar;  Saturn’s  vafi 
orbit,  and  all  the  orbits  of  the  comets,  crowd  in- 
to a point,  when  viewed  from  numberlefs  places 
between  the  earth  and  the  nearefi  fixed  ftars. 
Other  funs  kindle  to  illuminate  other  fyftems, 
where  our  fun’s  rays  are  unperceived  ; but  they 
alfo  are  fwallovved  up  in  the  vaft  expanfe.  When 
we  have  rifen  fo  high,  as  to  leave  all  definite  mea- 
fures  far  behind  us,  we  find  ourfclves  no  nearer  to 
a term,  or  limit. 


“ Our 
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tf  Our  views  of  nature,  however  imperfect, 
ferve  to  reprelent  to  us,  in  a moft  fenfible  manner, 
that  mighty  power  which  prevails  throughout, 
acting  with  a force  and  efficacy  that  fuffers  no 
diminution  from  the  greateft  difiances  of  fpace  or 
intervals  of  time ; and  to  prove  that  all  things 
are  ordered  by  infinite  wifdom,  and  perfect  good- 
nefs,  fcenes  which  ffiould  excite  and  animate  us 
to  correfpond  with  the  general  harmony  of 
nature.” 

Of  the  Shape  or  Figure  of  the  Earth* 

Having  given  a general  idea  of  the  Copernican 
fyftem,  and  the  bodies  of  which  it  is  compofed, 
it  will  be  neceflary  to  enlarge  thefe  ideas  by  a 
more  minute  defcription  of  the  particular  parts, 
which  form  this  great  whole  ; and  to  fircngthen 
tnem  by  tne  force  of  that  evidence,  on  which 
the  fyftem  is  founded. 


We  have  already  obferved,  that  the  appearance 
of  the  heavenly  bodies  is  not  the  fame  to  the  in- 
habitants of  various  parts  of  the  earth  ; that  the 
fun,  the  moon,  and  the  fiars,  rife  and  fet  in 
Greenland  in  a manner  very  different  from  what 
they  do  in  the  Eaft  Indies,  and  in  both  places 
different  mom  what  they  do  in  England  : 

and 
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and  as  it  was  natural  to  attribute  the  caufe  of  this 
change  in  the  apparent  face  of  the  heavens,  to  the 
figure  of  the  earth,  (for  appearances  mud  ever 
anfwer  to  the  form  and  drudture  of  the  things) 
the  nature  of  this  figure  was,  therefore,  one  of 
the  firft  objects  of  inquiry  among  philofophers 
and  aftronomers. 

Some  of  the  fages  of  antiquity  concluded,  that 
the  earth  muft  neceflarily  be  of  a fpherical  figure, 
becaufe  that  figure  was,  on  many  accounts,  the 
mod  convenient  for  the  earth,  as  an  habitable 
world  : they  alfo  argued,  that  this  figure  was  the 
mod  natural,  becaufe  any  body  expofed  to  forces, 
which  tend  to  one  common  center,  as  is  the  cafe 
with  the  earth,  would  neceflarily  aflurne  a round 
figure.  The  aflent,  however,  of  the  philofopher 
to  this  truth,  was  not  determined  by  fpeculative 
reafoning ; but  on  evidence,  derived  from  fadls 
and  aftual  obfervation.  From  thefe  I fliall  feleft 
thofe  arguments,  that  I think  will  have  the  great- 
efi  weight  with  young  minds. 

It  is  known,  from  the  laws  of  optics  and  per- 
fpettive,  that  if  any  body,  in  all  fituations,  and 
under  all  circumdances,  projects  a circular 
fhadow,  that  body  mud  be  a globe. 


It 
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It  is  alfo  known,  that  eclipfes  of  the  moon 
are  caufed  by  the  fhadow  of  the  earth. 

And  we  find,  that  whether  the  fhadow  be  pro- 
jected towards  the  eaft,  or  the  weft,  the  north, 
or  the  fouth,  under  every  circumftance  it  is  cir- 
cular ; the  body,  therefore,  that  cafts  the  fhadow, 
which  is  the  earth,  mult  be  of  a globular  figure. 

We  fhall  obtain  another  convincing  proof  of 
the  globular  lhape  of  the  earth,  by  inquiring  in 
w hat  manner  a perfon  ftanding  upon  the  coaft  of 
the  fea,  and  waiting  for  a veftel  which  he  know  s 
is  to  arrive,  fees  that  veftel. 

We  fhall  find,  that  he  firft  of  all,  and  at  the 
greateft  di fiance,  fees  the  top  of  the  maft  rifing 
out  of  the  water  ; and  the  appearance  is,  as  if  the 
fhip  was  fw  all  owed  up  in  the  water.  As  he 
continues  to  obferve  the  objeCt,  more  and  more 
of  the  maft  appears  ; at  length  he  begins  to  fee 
the  top  of  the  deck,  and  by  degrees  the  whole 
body  of  the  veftel.  On  the  other  hand,  if  the 
fhip  be  departing  from  us,  we  firft  lofe  fight  of 
the  hull,  at  a greater  diftance  the  main  fails  dif- 
appear,  and  at  a ftill  greater  the  top-fail.  But  if 
the  furface  of  the  fea  were  a plane,  the1  body  of 
the  fhip,  being  the  largeft  part  of  it,  would  be 

h feen 
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feen  fird,  and  from  the  greated  didance,  and  the 
mails  would  not  be  vifible  till  it  came  nearer. 

To  render  this,  if  pofiible,  dill  clearer,  let  us 
confider  two  drips  meeting  at  fea,  the  top-mad  of 
each  are  the  parts  firft  difcovered  by  both,  the 
hull,  &c.  being  concealed  by  the  convexity  of 
the  globe  which  rifes  between  them.  The  drips 
may,  in  this  indance,  be  refemblcd  to  two  men, 
who  approach  each  other  on  the  oppodte  fides  of 
a hill ; their  heads  will  fird  be  feen,  and  gra- 
dually, as  they  approach,  the  body  will  come  en- 
tirely in  view. 

This  truth  is  fully  evinced  by  the  following 
condderation  ; that  drips  have  failed  round  the 
earth,  have  gone  out  to  the  wedward,  and  have 
come  home  from  the  eadward;  or  in  other 
words,  the  drips  have  kept  the  fame  courfe,  and 
yet  returned  from  the  oppodte  dde  into  the  har- 
bour whence  they  drd  failed.  Now  we  are  certain 
that  this  could  not  be  the  cafe,  if  the  earth  were  a 
plane  ; for  Then  a perfon,  who  drould  fet  out 
from  any  one  point,  and  go  on  drait  forward, 
without  dopping,  would  be  continually  going 
further  from  the  point  from  which  he  fet  out. 
This  argument  nray  be  much  elucidated,  by 

referring  the  pupil  to  a terredrial  globe,  on 

which 
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which  he  may  follow  the  tracks  of  an  Anfon  and 
a Cook  round  the  globe. 

Fig.  i and  2,  plate  II.  are  illuftrations  of  the 
foregoing  principles.  Fig.  i,  fliews  that  if  the 
earth  was  a plane,  the  whole  of  a fhip  would  be 
feen  at  once,  however  diftant  from  the  fpeftator, 
and  that  whether  he  was  placed  at  the  top  or 
bottom  of  a hill.  From  fig.  2,  it  appears,  that 
the  rotundity  of  the  earth,  reprefented  by  the 
circle  ABC,  conceals  the  lower  part  of  the  fhip 
dt  while  the  top-maft  is  Bill  vifible;  and  that  it 
is  not  till  the  fhip  comes  to  e that  the  whole  of  it 
is  vifible. 

Obferve  any  (far  near  the  northern  part  of  the 
horizon,  and  if  you  travel  to  the  fouth,  it  will 
feem  to  dip  farther  and  farther  downwards,  till 
by  proceeding,  it  will  defcend  entirely  out  of 
fight.  In  the  mean  time,  the  Bars  to  the  fouth- 
ward  of  our  traveller  will  feem  to  rife  higher  and 
higher.  The  contrary  appearances  would  hap- 
pen, if  he  went  to  the  northward.  This  proves 
that  the  earth  is  not  a plane  furface,  but  a curve 
in  the  direction  fouth  and  north.  By  an  obfer- 
vation  nearly  fimilar  to  this,  the  traveller  may 
prove  the  curvature  of  the  earth,  in  an  eaft  and 
weft  diredipn. 

F 2 
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The  globular  figure  of  the  earth  may  be  alfo 
inferred  from  the  operation  of  levelling,  or  the 
art  of  conveying  water  from  one  place  to  another : 
for  in  this  procefs,  it  is  found  neceffary  to  make 
an  allowance  between  the  true  and  apparent 
level ; or  in  other  words,  for  the  figure  of  the 
earth.  For  the  true  level  is  not  a firait  line, 
but  a curve,  which  falls  below  the  ftrait  line, 
about  eight  inches  in  a mile,  four  times  eight  in 
two  miles,  nine  times  eight  in  three  miles,  fix- 
teen  times  eight  in  four  miles,  always  increafing 
as  the  fquare  of  the  diftance. 

What  the  earth  lofes  of  it’s  fphericity  by  moun- 
tains and  vallies,  is  very  inconfiderable ; the 
higheft  eminence  bearing  fo  little  proportion  to 
it’s  bulk,  as  to  be  fcarcely  equivalent  to  the 
minuted  protuberance  on  the  furface  of  a lemon. 

It  is  proper,  however,  to  acquaint  the  young 
pupil,  that  though  we  call  our  earth  a globe,  and 
that  when  fpeaking  in  general  terms,  it  may  be 
confidered  as  fuch  ; yet,  in  the  ftridnefs  of  truth, 
it  mult  be  obferved,  that  it  is  not  exactly  and 
perfedly  fpherical,  but  is  what  we  term  an  oblate 
fpheroid,  flattened  a little  towards  the  poles,  and 
fwelling  at  the  equator  ; the  equatorial  diameter 

• being  about  thirty-four  miles  longer  than  the 

diameter 
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diameter  from  pole  to  pole.  This  difference 
bears,  however,  too  fmall  a proportion  to  the 
diameter,  to  be  reprefented  on  globes. 

Of  the  diurnal  Motion  of  the  Earth. 

Young  people  generally  find  fome  difficulty  in 
conceiving  that  the  earth  moves  ; the  more  fo, 
becaufe,  in  order  to  allow  it,  they  muff  give  up, 
in  a great  meafure,  the  evidence  of  their  exterior 
fenfes,  of  which  the  impreffions  are  with  them 
exceeding  drong  and  lively.  It  will,  therefore, 
be  neceflary  for  the  tutor  to  prove  to  them,  that 
they  can  by  no  means  infer  that  the  earth  is 
at  red,  becaufe  it  appears  fo  to  them ; and  he 
fhould  convince  them,  by  a variety  of  fadls,  that 
reafon  was  given  to  corrcd:  the  fallacies  of 
the  fenfes.  To  this  end  we  fhall  here  point  out 
fome  inftances,  where  apparent  motion  is  pro- 
duced in  a body  at  reff,  by  the  real  motion  of  the 
fpecfator. 

Let  us  fuppofe  a man  in  a fhip,  to  be  carried 
along  by  a brifk  gale,  in  a direction  parallel  to  a 
fliore,  at  no  great  diftance  from  him ; while  he 
keeps  his  eye  upon  the  deck,  the  mad,  the  fails, 
pr  any  thing  about  him  in  the  (hip  ; that  is  to  fay, 
while  he  fees  nothing  but  fome  part  of  the  veffel 
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on  board  of  which  he  is,  and  confequently  every 
part  of  which  moves  with  him,  he  will  not  per- 
ceive that  the  fhip  moves  at  all.  Let  him,  after 
this,  look  to  the  fhore,  and  he  will  fee  the  houfes, 
trees,  and  hills,  run  from  him  in  a direction  con- 
trary to  the  motion  of  the  veflel ; and  fuppofing 
him  to  have  received  no  previous  information  on 
this  fubjedl,  he  might  naturally  conclude,  that  the 
apparent  motion  of  thefe  bodies  was  real. 

In  a fimilar  fituation  to  this,  we  may  conceive 
the  inhabitants  of  the  earth  ; who,  in  early  times, 
knowing  nothing  of  the  true  flruciure  or  laws  of 
the  univerfe,  faw  the  fun,  the  flars,  and  the 
planets,  rife  and  fet,  and  perform  an  apparent 
revolution  about  the  earth.  They  had  no  idea  of 
the  motion  of  the  earth,  and  therefore  all  this 
appearance  feemed  reality.  But  as  it  is  highly 
reafonable  to  fuppofe,  that  as  foon  as  the  flighted 
hint  fhould  be  given  to  the  man,  of  the  motion 
of  the  veflel,  he  would  begin  to  form  a new 
opinion,  and  conceive  it  to  be  more  rational, 
that  fo  final  l a thing  as  the  fhip  fhould  move, 
rather  than  all  that  part  of  the  earth  which  was 
open  to  his  view  ; fo,  in  the  fame  manner,  no 
fooner  was  an  idea  formed,  of  the  vaff  extent  and 
greatnefs  of  the  univerfe,  with  refpedl:  to  this 
earth,  than  mankind  began  to  conceive  it  would 

be 
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be  more  rational  that  the  earth  fhould  move,  than 
the  whole  fabric  of  the  heavens. 

By  another  familiar  inftance,  it  will  be  eafy  to 
fhew  the  young  pupil,  that  as  the  eye  does  not 
perceive  it’s  own  motion,  it  always  judges  from 
appearances.  Let  a perfon  go  into  a common 
windmill,  and  defire  the  miller  to  turn  the  mill 
round  while  he  is  fitting  within  it,  and  his  eyes 
fixed  on  the  upright  poft  in  the  center  thereof; 
this  poft,  though  at  reft,  will  appear  to  him  to 
turn  round  with  confiderable  velocity,  the  real 
motion  01  the  mill  being  thecaufe  of  the  apparent 
motion  of  the  fwivel  poft.  Having  thus  obviated 
the  objections  which  arife  from  the  teftimony  of 
the  fenfes,  we  may  now  proceed  to  conlider  the 
arguments  which  tend  more  directly  to  prove  the 
motion  of  the  earth. 

All  theceleftial  motions  will,  on  this  fuppofi- 
tion,  be  incomparably  more  limple  and 
moderate. 

This  opinion  is  much  more  agreeable  to  our 
notions  of  final  caufes,  and  our  knowledge  of  the 
oeconomy  of  nature  ; for  if  the  earth  be  at  reft, 
and  the  ftars,  Sec.  move  round  it  once  in  24 
hours,  their  velocity  mull  be  immenfe  ; and  it  is 
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certainly  more  agreeable  to  reafon,  that  one 
fingle  body,  and  that  one  of  the  fmalleft,  fhould 
revolve  on  it’s  own  axis  in  24  hours,  than  that 
the  whole  univerfe  fhould  be  carried  round  it,  in 
the  fame  time,  with  inconceivable  velocity. 

The  rotation  of  the  earth  round  it’s  axis  is 
analogous  to  what  is  obferved  in  the  fun,  and 
moll  of  the  planets ; it  being  highly  probable, 
that  the  earth,  which  is  itfelf  one  of  the  planets, 
fhould  have  the  fame  motion  as  they  have,  for 
producing  the  fame  effedt : and  it  would  be  as 
abfurd  in  us  to  contend  for  the  motion  of  the 

whole  heavens  round  us  in  24  hours,  rather  than 

« 

allow  a diurnal  motion  to  our  globe,  as  it  would 
be  for  the  inhabitants  of  Jupiter  to  infill  that  our 
globe,  and  the  whole  heavens,  mull  revolve 
round  them  in  ten  hours,  that  all  it’s  parts  might 
iuccelfively  enjoy  the  light,  rather  than  grant  a 
diurnal  motion  to  their  habitation. 

All  the  phenomena  relative  to  this  fubjecT,  are 
as  eafily  folved  on  the  fuppofition  of  the  earth’s 
motion,  as  on  the  contrary  hypothefis.  The 
truth  of  this  pofition  ispleafingly  illufl  rated  by  the 
armillary  fpherc,  which  is  fhewn,  fig.  2,  pi.  XIII. 
The  exterior  circles  reprefent  the  fphere  of  the 
heavens ; within  thefe,  and  in  the  center  of  the 

fphere^ 


ASTRONOMICAL  ESSAYS. 


fphere,  is  placed  a little  globe,  fupported  by  a 
fteei  axis,  a and  b are  two  milled  nuts.  By 
moving  the  nut  a,  the  frnall  globe  may  be  turned 
round  the  fame  way  we  fuppofe  our  earth  to  re- 
volve, while  the  outer  part,  or  fphere,  remains 
fixed ; but  if  the  nut  b be  turned  the  contrary 
way,  the  fphere  will  move  round  the  globe,  the 
fame  way  as  the  heavens  appear  to  move. 

Thus  by  this  machine,  the  real  motion  of  the 
earth  round  it’s  axis,  within  the  fphere  of  the 
heavens,  or  the  apparent  motion  of  the  heavens 
round  the  earth,  may  be  reprefented : and  it 
will  (hew,  that  the  relult  of  the  various  problems 
are  the  fame,  whether  we  fuppofe  the  heavens  to 
move  round  the  earth,  or  the  earth  to  revolve  on 
it’s  axis. 

Befides  the  foregoing  confiderations,  there  are 
feveral  arguments  to  be  deduced  from  the  higher 
parts  of  aftronomy,  which  demonftrably  prove 
the  diurnal  motion  of  the  earth. 

DeFIxVITIONS. 

Before  we  enter  into  a further  explanation  of 
Phenomena,  it  will  be  ncceffary  to  define  fome 
of  the  principal  circles  of  the  globe.  The  reader 

will 
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■will  comprehend  more  fully  thefe  definitions, 
and  attain  more  accurate  ideas  of  thefe  circles,  by 
placing,  while  he  is  reading  them,  a terreftrial 
globe,  or  armillary  fphere,  before  him. 

It  may,  however,  be  necefiary  to  premife,  that 
we  are  at  liberty  to  fuppofe  as  many  circles  as  we 
pleafe,  to  be  defcribed  on  the  earth ; and  the 
plane  of  any  of  thefe  to  be  continued  from  the 
earth,  until  it  marks  a correfponding  circle  in  the 
concave  fphere  of  the  heavens. 

Among  thefe  circles,  the  horizon  is  the  mod 
frequently  named.  Properly  fpeaking,  there  arc 
two  circles  called  by  this  name,  but  aiftinguifhed 
from  each  other  by  added  epithets,  the  one  being 
called  the  sensible,  the  other  the  rational 
horizon. 

In  general  terms,  the  horizon  may  be  defined 
to  be  an  imaginary  circle,  that  feparates  the 
vifible  from  the  invifible  part  of  the  heavens. 

If  a fpe&ator  fuppofes  the  floor  or  plane  on 
which  he  (lands,  to  be  extended  every  way,  till 
it  reach  the  ftarry  heavens,  this  plane  is  his 

SENSIBLE  HORIZON. 
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The  rational  horizon  is  a circle,  whofe 
plane  is  parallel  to  the  former,  but  palling 
through  the  center  of  the  earth. 

The  rational  horizon  divides  the  concave 
fphere  of  the  heaven*  into  equal  parts,  or  hernia 
fpheres  ; the  objects  that  are  in  the  upper  hernia 
fphere  will  be  vilible ; fuch  as  are  in  the  lower 
hemifphere  will  be  invisible  to  the  lpeclator. 

% 

'Though  the  globe  of  the  earth  appears  fo  large 
to  thofe  who  inhabit  it,  yet  it  is  to  minute  a fpeck, 
when  compared  to  the  immenfe  fphere  of  the 
heavens,  that  at  that  diftance  the  planes  of  the 
rational  and  tenfibie  horizons  coincide;  or  in 
other  words,  the  difiance  between  them  in  the 
fphere  of  the  heavens,  is  too  fmall  for  admeafure- 
ment. 

To  illufirate  this,  let  ABCD,  fig.  i,  plate 
III.  reprefent  the  earth ; z h n o the  fphere  of 
the  harry  heaven,  if  an  inhabitant  of  the  earth 
iiands  upon  the  point  A,  his  fenfible  horizon  is 
/<?,  his  rational  one  h o ; the  difiance  between 
the  planes  of  thefe  two  horizons  is  A F,  the 
femidiameter  of  the  earth,  which  is  meafured  in 
a great  circle  upon  the  fphere  of  the  heaven,  by 
the  angle  e 1 o,  or  the  arc  eo;  this  arch  in  fo 
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fmall  a circle,  as  z h n o would  amount  to  feveral 
degrees,  and  confequently  the  difference  between 
the  fenfible  and  the  rational  horizon,  would  be 
great  enough  to  be  meafured  by  obfervation.  If 
we  represent  the  fphere  of  the  heaven  by  a larger 
circle,  the  femidiameter  of  the  earth  A F mea- 
fured in  this  circle,  will  amount  to  fewer  degrees ; 
for  the  arc  E O is  lefs  than  the  arc  eo;  and  the 
larger  the  fphere  of  the  heaven  is,  in  proportion 
to  the  globe  of  the  earth,  the  lefs  feniible  is  the 
difference  between  the  two  horizons.  Now  as 
the  fphere  of  the  earth  is  but  as  a point,  when 
compared  to  the  ftarry  heaven,  the  difference 
between  the  fenfible  and  rational  horizon  will  be 

infenfibje. 

From  what  has  been  faid,  it  appears  that  the 
only  diftindion  between  the  fenfible  and  rational 
horizon,  arifes  from  the  diftance  of  the  objed  wc 
are  looking  at. 

The  fenfible  horizon  is  an  imaginary  cir- 
cle, which  terminates  our  view,  when  the  objects 
we  are  looking  at  arc  upon  the  earth  s furtace. 
The  rational  horizon  is  an  imaginaiy  circle, 
which  terminates  our  view,  when  the  objeds  we 
are  looking  at  are  as  remote  as  the  heavenly 

bodies. 
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As  the  rational  horizon  divides  the  apparent 
celeftial  fphere  into  two  equal  hemifpheres,  and 
ferves  as  a boundary,  from  which  to  meafure  the 
elevation  or  deprdlion  of  celeftial  objects ; thofe 
in  the  upper,  or  vifible  hemifphcrc,  are  faid  to 
be  high,  or  elevated,  above  the  horizon ; and 
thofe  in  the  other  hemifphere  are  called  low,  or 
below  the  horizon. 

The  earth  being  a fpherical  body,  the  horizon, 
or  limits  of  our  view,  muft  change  as  we  change 
our  place  ; and  therefore,  every  place  upon  the 
earth  has  a different  horizon.  Thus  if  a man 
lives  at  A,  fig.  2,  plate  III.  his  horizon  is  G e : 
if  he  Jives  at  b,  his  horizon  is  H D : if  at  c,  it  is 
A E.  From  hence  we  obtain  another  proof  of 
the  fphericity  of  the  earth  ; for  if  it  were  flat,  all 
the  inhabitants  thereof  would  have  the  fame 
horizon. 

The  point  in  the  heavens,  which  is  diredtly 
over  the  head  of  a fpedlator,  is  called  the  zenith. 

That  point  which  is  dire&ly  under  his  feet,  is 
called  the  nadir. 

If  a man  lives  at  A,  fig.  2,  plate  III.  his 
zenith  is  A,  his  nadir  E.  If  he  lives  at  b,  his 
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zenith  is  B,  his  nadir  F ; confequently  the  zenith 
and  horizon  of  an  obferver  remains  fixed  in  the 
heavens,  fo  long  as  he  continues  in  the  fame 
place;  but  he  no  fooner  changes  his  pofition, 
than  the  horizon  touches  the  earth  in  another 
point,  and  his  zenith  anfwers  to  a different  point 
in  the  heavens. 

The  axis  of  the  earth  is  an  imaginary  line, 
conceived  to  be  drawn  through  the  center  of  the 
earth,  upon  which  line  it's  revolutions  are  made. 

/ 

The  poles  of  the  earth  are  the  extremities  of 
its  axis,  or  thofe  two  points  on  it’s  furface, 
where  it’s  axes  terminate ; one  of  thefe  is  called 
the  north,  and  the  other  the  south  pole. 

The  poles  of  the  heavens,  or  of  the  world,  are 
thofe  two  points  in  the  heavens,  where  the  axis  of 
the  earth,  if  produced,  would  terminate  ; fothat 
the  north  pole  of  the  heavens  is  exa&ly  over  the 
north  pole  of  the  earth,  and  the  fouth  pole  of  the 
heavens  is  diredtly  over  the  fouth  pole  of  the  earth. 

The  equator  is  an  imaginary  circle,  which  is 
fuppofed  to  be  drawn  round  the  earth’s  furface, 
in  the  middle  between  the  two  poles.  It  divides  the 
earth  into  two  equal  parts,  one  of  which  is  called 
c the 
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the  northern,  the  other  the  southern  hemi- 
sphere. 

If  we  fuppofe  the  plane  of  the  earth’s  equator 
to  be  extended  all  ways,  as  far  as  the  heavens,  it 
will  mark  there  a circle,  that  will  divide  the  hea- 
vens into  two  equal  parts;  this  circle  is  called 
fometimes  the  equinoctial,  fometimes  the 

CELESTIAL  EQUATOR. 

The  meridian  of  any  place  is  a circle  fuppofed 
to  pafs  through  that  place,  and  the  poles  of  the 
earth  ; we  may  therefore  imagine  as  many  me- 
ridians as  there  are  places  upon  the  earth,  be- 
caufe  any  place  that  is  ever  fo  little  to  the  eaft  or 
weft  of  another  place,  has  a different  meridian. 

By  the  foregoing  definition,  we  fee  that  the 
meridian  of  any  place  is  immoveably  fixed  to  that 
place,  and  carried  round  along  with  it  by  the  ro- 
tation of  the  earth.  The  meridian  marks  upon 
the  plane  of  the  horizon  the  north  and  fouth 
points. 

I he  circle  which  the  fun  appears  to  deferibe 
every  year,  in  the  concave  iphere  of  the  heavens, 
is  called  the  ecliptic.  It  is  thus  denominated, 
becaufe  in  all  eclipfes  the  moon  is  either  in  or 
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near  the  plane  of  it.  But  as  the  earth  moves 1 
round  the  fun,  in  the  plane  of  the  ecliptic,  it  is 
likewife  the  plane  of  the  earth’s  orbit. 

If  we  conceive  a zone,  or  belt,  about  fixteen 

# 

degrees  broad  in  the  concave  fphere  of  the  hea- 
ven, with  the  ecliptic  palling  through  the  middle 
of  it,  this  zone  is  called  the  zodiac. 

The  liars  in  the  zodiac  are  divided  into 
twelve  signs,  Aries,  Taurus,  Gemini,  Cancer, 
Leo,  Virgo,  Libra,  Scorpio,  Sagittarius,  Capri- 
cornus,  Aquarius,  Pifces. 

We  may  imagine  as  many  circles  as  we  pleafe 
drawn  on  the  globe,  parallel  to  the  equator,  and 
thefe  will  decreafe  in  their  diameter,  as  they  ap- 
proach nearer  the  poles. 

The  tropics  are  two  lelfer  circles  of  this  kind, 
parallel  to  the  equator,  and  23  £ degrees  diliant 
from  it ; one  in  the  northern  hemifphere,  which 
is  called  the  tropic  of  cancer  ; the  other  in  the 
fouthern,  which  is  called  the  tropic  of  capri- 
corn. If  we  conceive  the  planes  of  thefe  circles 
expanded,  till  they  reach  the  (fairy  heaven,  the 
fun  will  be  leen  to  move  in  that  circle  which  cor- 

refponds  to  the  tropic  of  cancer  on  the  longed 
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fummer’s  day,  and  in  that  circle  which  anfwers 
to  the  tropic  of  capricorn  on  the  fhorteft  winter’s 
day. 

The  polar  circles  are  two  Idler  circles,  con- 
ceived to  be  defcribed  at  23  \ degrees  diltance 
from  each  pole. 

The  axis  of  the  earth  is  inclined  to  the  plane 
of  the  ecliptic,  and  makes  with  it  an  angle  of 
661  degrees  ; therefore  the  plane  of  the  earth’s 
equator  cannot  coincide  with  the  plane  of  the 
ecliptic,  but  thefe  two  planes  make  with  one 
another  art  angle  of  231  degrees. 

Of  the  annual  Motion  of  the  Earth. 

The  foregoing  definitions  being  underftood, 
we  may  now  proceed  in  the  defeription  of  the 
phenomena  of  our  lyftem.  It  is  owing  to  the 
induftry  of  modern  aftronomers,  that  the  annual 
rhotion  of  the  earth  has  been  fully  evinced  ; for 
though  it's  motion  had  been  known  to,  and 
adopted  by  many  among  the  ancient  philofo- 
phers,  yet  they  were  not  able  to  give  their 
opinions  that  degree  of  probability,  which  is 
attainable  from  modern  difeoveries,  much  lefs 
e evidence  aiding  from  thofe  demonftrative 
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proofs  of  which  wc  are  now  in  poflcftlon.  We 
fhall,  therefore,  enumerate  forne  of  the  rcafons 
which  induce  aftronomers  to  believe  that  the 
earth  moves  round  the  fun. 

The  celeftial  motions  become  incomparably 
more  fimple,  and  free  from  thofe  looped  contor- 
tions which  muft  be  fuppofed  in  the  other  cafe, 
and  which  are  not  only  extremely  improbable, 
but  incompatible  with  what  we  know  of  motion. 

This  opinion  is  alfo  more  reafonable,  on  ac- 
count of  the  extreme  minutenefs  of  the  earth, 
when  compared  with  the  immenfe  bulk  of  the 
fun,  Jupiter,  and  Saturn;  and  there  are  no 
known  laws  of  motion,  according  to  which  fo 
great  a body  as  the  fun  can  revolve  about  fo  fmall 
a one  as  the  earth. 

The  fun  is  the  fountain  of  light  and  heat, 
which  it  darts  through  the  whole  fyftem  ; it 
ought,  therefore,  to  be  in  the  center,  that  it’s 
influence  may  be  regularly  diffufed  through  the 
whole  heavens,  and  communicated  in  juft  grada- 
tions to  the  whole  fyftem. 

When  we  conftder  the  fun  as  the  center  of  the 
fyftem,  we  find  all  the  bodies  moving  round  it, 
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•agreeable  to  the  univerfal  laws  of  gravity ; but 
upon  any  other  confideration  we  are  left  in  the 
dark. 

The  motion  of  the  earth  round  the  fun,  accords 
with  that  general  harmony,  and  univerfal  law, 
which  all  the  other  moving  bodies  in  the  fyftem 
obferve,  namely,  that  the  fquares  of  the  periodic 
times  are  as  the  cubes  of  the  diftances ; but  if  the 
fun  moves  round  the  earth,  that  law  is  deftreved 
and  the  general  order  of  fymmetry  in  nature 
interrupted. 

It  is  inconteflibly  proved,  by  obfervation,  a 
. motion  having  been  difeovered  in  all  the  fixed 
ftars,  which  arifes  from  a combination  of  the  mo- 
tion of  light  with  the  motion  of  the  earth  in  it's 
orbit. 

It  will  be  deafly  (hewn  in  it’s  place,  that 
Venus  and  Mercury  move  round  the  fun  in  orbits 
that  are  between  it  and  the  earth  ; that  the  orbit 
of  the  earth  is  fituated  between  that  of  Venus  and 
Mars  ; and  that  the  orbits  of  Mars,  Jupiter,  &c. 
are  exterior  to,, and  include  the  other  three. 
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Of  the  apparent  Motion  of  the  Sun, 

ARISING  FROM  THE  EARTH’S  ANNUAL  MO- 
TION ROUND  IT. 

As  when  a perfon  fails  along  the  fea  coafi,  the 
fhore,  the  villages,  and  other  remarkable  places 
on  land,  appear  to  change  their  fituation,  and  to 
pafs  by  him ; fo  it  is  in  the  heavens.  To  a fpec- 
tator  upon  the  earth,  as  it  moves  along  it’s  orbit, 
or  fails  as  it  were  through  celeftial  fpace,  the  fun, 
the  planets,  and  the  fixed  ftars,  appear  to  change 
their  places. 

The  apparent  change  of  place  is  of  two  forts  ; 
the  one  is  that  of  bodies  at  reft,  the  change  of 
whofe  'place  depends  folely  on  that  of  the  fpec- 
tator ; the  other  is  that  of  bodies  in  motion, 
whofe  apparent  change  of  place  depends  as  well 
on  their  own  motion,  as  on  that  of  the  fpe&ator. 
We  lhali  here  confider  only  that  apparent  change 
which  takes  place  in  thofe  which  are  at  refi,  and 
which  is  owing  wholly  to  the  motion  of  the  earth. 

To  fhew  that  the  fun,  when  feen  from  the 
earth,  will  appear  to  move  in  the  fame  manner, 
whether  the  fun  revolves  round  the  earth,  or 
whether  the  earth  revolves  round  the  fun  : Firfi, 
let  us  fuppofe  the  earth  at  refi,  without  any  mo- 
tion 
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don  of  it’s  own,  and  let  the  fun  be  fuppofed  to 
revolve  round  it  in  the  orbit  AB  C D,  fig.  i, 
plate  IV.  and  let  E F G H be  a circle  in  the 
concave  fphere  of  the  ftarry  heavens  ; as  the  fun 
moves  in  the  order  of  the  letters  ABCD  in  it’s 
orbit,  it  will  appear  to  a fpc&ator  on  the  earth 
to  have  deferibed  the  circle  E F G H.  When 
the  fun  is  at  A,  it  will  appear  as  if  it  was  among 
the  fixed  ftars  that  are  at  E ; when  it  is  at  B,  in 
will  appear  among  the  fixed  ftars  at  F ; when  at 
C,  among  thofe  at  H ; and  when  it  is  at  D,  it 
will  appear  among  the  fixed  ftars  at  G.  Indeed, 
the  fixed  ftars  and  the  fun  are  notfeen  at  the  fame 
time ; but  we  have  Ihewn,  that  we  may  tell  in 
what  part  of  the  heavens  the  fun  is,  or  w'hat  fixed 
ftars  it  is  near,  by  knowing  thofe  which  are  op- 
pofite  to  it,  or  come  to  the  fouth  at  midnight. 
Therefore,  if  we  find  that  any  fet  of  ftars,  as 
thofe  at  G for  inftance,  come  to  the  fouth  at 
midnight,  we  may  be  hire  that  they  are  oppofite 
to  the  fun;  and  confequently,  if  we  could  fee  the 
ftars  in  that  part  of  the  heaven  where  the  fun  is, 
we  ftiould  find  them  to  be  thofe  at  F. 

Secondly,  let  us  fuppofe  that  S is  the  fun,  that 
it  has  no  motion  of  it’s  own,  that  it  refts  within 
the  orbit  ABC  D,  in  which  we  flmll  now  ftip- 
poie  the  earth  to  move,  in  the  order  of  the  letters 
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A B C D.  Upon  this  fuppofition,  when  the 
earth  is  at  A,  the  fun  will  appear  in  that  part  of 
the  heavens  where  the  Bars  H are  ; when  the 
earth  is  at  B,  the  Tun  will  appear  in  that  part  of 
the  heavens  where  the  Bars  G are  ; when  the 
earth  is  at  C,  the  fun  will  appear  in  that  part  of 
the  heavens  where  the  Bars  E are ; and  as  the 
earth  revolves  round  the  fun,  in  the  orbit  ABC 
D,  the  fun  will  appear  to  a fpedator  on  the  earth 
to  defcribe  the  circle  G H E F. 

Thus  whether  the  earth  is  at  reB,  and  the  fun 
revolves  in  the  orbit  A B C D ; or  the  fun  is  at 
reB,  and  the  earth  revolves  in  the  fame  orbit,  a 
fpedator  on  the  earth  will  fee  the  fun  defcribe 
the  fame  circle  EF  GH,  in  the  cx incave  fphei:e 
of  the  heavens. 

Hence  if  the  plane  of  the  earth’s  orbit  be 
imagined  to  be  extended  to  the  heavens,  it 
would  cut  the  Barry  firmament  in  that  very  cir- 
cle, in  which  a fpedator  in  the  fun  would  fee  thp 
earth  revolve  every  year : while  an  inhabitant  of 
the  earth  would  obferve  the  fun  to  go  through  the 
fame  circle,  in  the  fame  fpace  of  time  that  the 
folar  fpedator  would  fee  the  earth  defcribe  it. 


The 
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The  inhabitants  of  all  the  other  planets  will 
obferve  juft  fuch  motions  in  the  fun  as  we  do, 
and  for  the  very  fame  rcafons  ; and  the  fun  will 
be  feen  from  every  planet  to  defcribe  the  fame 
circle,  and  in  the  fame  fpace  of  time,  that  a 
fpectator  in  the  fun  would  obferve  the  planet  to 
do.  For  example,  an  inhabitant  of  Jupiter 
would  think  that  the  fun  revolved  round  him, 
defcribing  a circle  in  the  heavens  in  the  fpace  of 
twelve  years : this  circle  would  not  be  the  fame 
with  our  ecliptic,  nor  would  the  fun  appear  to 
pafs  through  rhe  fame  ftars  which  he  does  to  us. 
On  the  fame  account,  the  fun,  fcen  from  Saturn., 
will  appear  to  move  in  another  circle,  diftinft 
from  either  of  the  former  ; and  will  not  feem  to 
hnifh  his  period  in  lefs  time  than  thirty  years. 
Now  as  it  is  impofltble  that  the  fun  can  have  all 
thefe  motions  really  in  itfclf,  we  may  fafcly  affirm, 
that  none  of  them  are  real,  but  that  they  are  all 
apparent,  and  arife  from  the  motions  of  the 

v\  ‘ ' * ,*»  \ L 

refpective  planets. 

One  phenomenon  ar'ifing  from  the  annual  mo- 
tion of  the  earth,  which  has  already  been  (lightly 
touched  upon,  may  now  be  more  fully  explained  ; 
for  as  from  this  motion,  the  fun  appears  to  move 
■from  weft  to  eaft  in  the  heavens,  it  a liar  rifes  or 
lets  along  with  the  fun  at  any  time,  it  will  in  the 

G 4 courfe 


104  astronomical  essays. 

courfe  of  a few  days  rife  or  fet  before  it,  becaufp 
the  fun’s  apparent  place  in  the  heavens  will  be  re- 
moved to  the  eaftward  of  that  far.  Hence  thofe 
frars  which  at  one  time  of  the  year  fet  with  the 
fun,  and  therefore  do  not  appear  at  all,  fhall  at 
another  time  of  the  year  rife  when  the  fun  fets, 
and  fhine  all  the  night.  And  as  any  one  liar- 
fhifts  it’s  place  with  refpedt  to  the  fun,  and  in 
confequence  of  that  with  refpect  to  the  hour  of 
the  night,  fo  do  ail  the  reft.  Hence  it  is  that 
all  thofe  liars,  which  at  one  time  of  the  year  ap- 
pear on  any  one  fide  of  the  pole  ftar  in  the  even- 
ing, fhall  in  half  a year  appear  on  the  contrary 
fide  thereof. 

Of  Ph  /ENOMENA  OCCASIONED  BY  THE  ANNUAL 

AND  DIURNAL  MOTIONS  OF  THE  EaRTH. 

Firft,  of  thofe  that  arife  from  the  diurnaf 
motion.  As  the  earth  is  of  a fpherical  figure, 
that  part  of  it  which  comes  at  any  time  under  the 
confined  view  of  an  obferver,  will  feem  to  be  ex- 
tended like  a plane;  and  the  heavens  will  appear 
as  a concave  fpherical  fuperficies,  divided  by  the 
aferefaid  plane  into  two  equal  parts,  one  of  w hich 
is  vifible,  the  other  concealed  from  us  by  the 
opacity  of  the  earth. 


Now 
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Now  the  earth,  by  it’s  revolution  round  it’s 
axis,  carries  the  fpectator  and  the  aforefaid  plane 
from  west  to  east;  therefore  all  thofe  bodies 
to  the  caft,  which  could  not  be  fecn  becaufe  they 
were  below  the  plane  of  the  horizon,  will  become 
vilible,  or  rife  above  it,  when,  by  the  rotation 
of  the  earth,  the  horizon  links  as  it  were  below 
them.  On  the  other  hand,  the  oppolite  part  of 
the  plane,  towards  the  weft,  riling  above  the 
|lars  on  that  fide,  will  hide  them  from  the  fpec- 
tator, and  they  will  appear  to  fet,  or  go  below 
the  horizon. 

As  the  earth,  together  with  the  horizon  of  the 
fpectator,  continues  moving  to  theeaft.and  about 
the  lame  axis,  all  fuch  bodies  as  are  feparated 
irotn  the  earth,  and  which  do  not  partake  of  that 
motion,  will  feem  to  move  uniformly  in  the 
tame  time,  but  in  an  oppolite  direftion,  that  is, 
irom  tt ast  TO  WEST ; excepting  the  ccleftial 
poles,  which  will  appear  to  be  at  reft.  There- 
fore, when  we  fay,  that  the  whole  concave  fphere 
of  the  heavens  appears  to  turn  round  upon  the 
axis  of  the  world,  whilft  the  earth  is  performing 
one  rotation  round  it’s  own  axis,  we  mull  be  un- 
derftood  to  except  the  two  poles  of  the  world,  for 
thele  do  not  partake  of  this  apparent  motion’. 


It 
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It  is,  therefore,  on  account  of  the  revolution 
cf  the  earth  round  it’s  axis,  that  the  fpecfator 
imagines  the  whole  harry  firmament,  and  every 
point  of  the  heaven,  (excepting  the  two  celehiai 
poles)  to  revolve  about  the  earth  from  eaft  to 
weft  every  twenty-four  hours,  each  point 
deferibing  a greater  or  leffer  circle,  as  it  is  more 
or  lefs  remote  from  one  of  the  celehiai  poles. 

Although  every  place  on  the  furface  of  the  ter- 
raqueous globe,  is  illuminated  by  all  the  hars 
which  are  above  the  horizon  of  that  place;  yet 
when  the  fun  is  above  the  horizon,  his  light  is  fo 
£fong,  that  it  quite  extinguilhes  the  faint  light  of 
the  liars,  and  produces  day.  When  the  fun 
goes  below  the  horizon,  or  more  properly,  when 
our  horizon  gets  above  the  fun,  the  hais  give 
their  light,  and  we  are  in  that  hate  which  i$ 
called  night. 

Now  as  the  earth  is  an  opake  fpherical  body, 
at  a great  dihance  from  the  fun,  one  half  ol  it 
will  always  be  illuminated  thereby,  while  the 
other  half  will  remain  in  darknefs. 

The  circle  which  dihinguifhes  the  illuminated 
lace  of  the  earth  from  the  dark  fide,  and  is  the 

boundary  between  light  and  darknefs,  is  gene- 
rally 
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rally  called  the  terminator.  A line  drawn 
from  the  center  of  the  fun  to  the  center  of  the 
earth,  is  perpendicular  to  the  plane  of  this  circle. 

When  any  point  in  the  globe  firft  gets  into  the 
enlightened  hemifphere,  the  fun  is  juft  rifen  to 
that  part ; when  it  gets  half-way,  or  to  it’s  great- 
eft  diftancefrom  the  terminator,  it  is  then  noon  ; 
and  when  it  leaves  the  enlightened  hemifphere, 
it  is  then  sun-set  ; but  it  ftill  enjoys  fome  light 
from  the  fun,  which  is  reflected  by  the  atmo- 
fphere,  till  it  gets  eighteen  degrees  beyond  the 
terminator ; this  glimmering  light  is  called 

TWILIGHT. 

We  have  already  (hewn,  that  the  daily  motion 
of  the  fun  from  eaft  to  wreft,  is  not  a real,  but  an 
apparent  one,  which  is  ow mg  to  the  rotation  of 
the  earth  round  it’s  axis.  Now  if  the  fun  had 
no  other  motion  but  this  apparent  one,  it  would 
feem  to  go  once  round  the  earth,  in  the  time  of 
one  complete  rotation,  or  in  23  hours,  56 
jninutes ; which  is  the  cafe  with  any  of  the  fixed 
flars,  and  is  therefore  the  length  of  a siderial 

pAY. 

But  the  fun  is  found  to  take  up  a longer  time 
£Q  complete  it’s  apparent  revolution  ; for  if  it  is 

in 
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in  the  fouth  of  any  particular  place  at  twelve 
o’clock  at  noon  to-day,  it  will  not  complete  an 
apparent  revolution,  fo  as  to  return  to  the  fouth 
of  that  place  again,  till  twelve  o'clock  at  noon  on 
the  next  day,  and  confequently  the  time  of  this 
apparent  revolution  is  twenty-four  hours. 

This  difference  is  owing  to  another  apparent 
motion  of  the  fun,  which  is  called  his  annual  or 
yearly  motion.  For  the  fun  does  not  continue 
always  in  the  fame  place  in  the  heaven,  as  the 
fixed  bars  do;  but  if  it  is  feen  at  M,  fig.  2,  pi/ 
JV.  one  day,  near  the  fixed  ftar  R,  it  will  have 
jhifted  it’s  place  the  next  day,  and  will  be  near 
to  feme  other  fixed  ftar  L.  This  motion  of  the 
fun  is  from  weft  to  eaff,  and  one  entire  revolu- 
tion is  completed  in  a year. 

Suppofe,  therefore,  that  the  fun,  when  it  is  at 
M,  near  to  the  fixed  flar  R,  appears  in  the  fouth 
of  any  particular  place  S ; and  then  imagine  the 
earth  to  turn  once  round  upon  it’s  axis  from  weft 
to  eaff,  or  in  the  direction  ST  V W,  fo  that  thq 
place  may  be  returned  to  the  fame  lituation ; aftef 
this  rotation  is  completed,  the  ftar  R will  be  in 
the  fouth  of  the  place  as  before ; but  the  fun 
having,  in  the  mean  time,  moved  eaftwards, 
and  being  near  to  the  far  L,  or  to  the  eaft  of  R, 

will 
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will  not  be  in  the  fouth  of  the  place  S,  but  to  the 
eaffward  of  it : upon  this  account,  the  place  S 
mu  ft  move  on  a little  farther,  and  mult  come  to 
T before  it  will  be  even  with  the  fun  again,  or 
before  the  fun  will  appear  exactly  in  the  fouth. 

This  may  be  illuftrated  by  an  inltance.  The 
two  hands  of  a watch  are  clofe  together,  or  even 
with  one  another  at  twelve;  they  both  turn  round 
the  fame  way,  but  the  minute  hand  turns  round 
in  a fhorter  time  than  the  hour  hand ; when  the 
minute  hand  has  completed  one  rotation,  and  is 
come  round  to  twelve,  the  hour  hand  will  be 
before  it,  or  will  be  at  one ; fo  that  the  minute 
hand  mult  move  more  than  once  round,  in  order 
to  overtake  the  hour  hand,  and  be  even  with  it 
again. 

As  this  fubjedt  is  of  fome  importance,  we  flhall 
endeavour  to  render  it  more  clear,  by  placing  it 
in  a different  point  of  view:  the  more  fo,  as  it 
may  accuftom  the  young  pupil  to  reafon  on  both 
hypothefes,  namely,  the  motion  of  the  fun,  and 
that  of  the  earth. 

The  diameter  of  the  earth’s  orbit  is  but  a phy- 
sical point,  in  proportion  to  the  diffance  of  the 
ftars ; for  which  reafon,  and  the  earth's  uniform 


motion 
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motion  on  it’s  axis,  any  given  meridian  will  re. 
volve  from  any  ftar  to  the  fame  liar  again,  in 
every  abfolute  turn  of  the  earth  upon  it’s  axis, 
without  the  lead  perceptible  difference  of  time 
being  fhewn  by  a clock  which  goes  exa&ly  true. 

If  the  earth  had  only  a diurnal,  without  an 
annual  motion,  any  given  meridian  would  revolve 
from  the  fun  to  the  fun  again,  in  the  fame  quan- 
tity of  time  as  from  any  liar  to  the  fame  ftai  again ; 
becaufe  the  fun  would  never  change  his  place, 
Y^hh  refpedt  to  the  ftars.  But  as  the  eaith  ad- 
vances almoft  a degree  eaffward  in  it's  orbit,  in 
the  time  that  it  turns  eaffward  round  it  s axn, 
whatever  ffar  paffes  over  the  meridian  on  any  day 
with  the  fun,  will  pafs  over  the  fame  meridian 
on  the  next  day,  when  the  fun  is  almoft  a degree 
fhortofit,  that  is,  3 min.  56  feconds  fooner.  If 
the  year  contained  only  360  days,  the  fun’s  ap- 
parent place,  fo  far  as  his  motion  is  equable,- 
would  change  a degree  every  day,  and  then  the 
ffderial  days  would  be  juft  four  minutes  ftiorter 
than  the  folar. 

Let  ABCDEFGH,  fig.  3,  plate  IV.  be 
the  earth’s  orbit,  in  which  it  goes  round  the  fun 
every  year,  according  to  the  order  of  the  letters,* 
that  is,  from  weft  to  eaft,  and  turns  round  it’s- 
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nxis  the  fame  way,  from  the  fun  to  the  fun  again 
in  every  twenty-four  hours.  Let  S be  the  fun, 
and  R a fixed  liar,  at  fuch  an  immenfe  difiance, 
that  the  diameter  of  the  earth’s  orbit  bears  no 
fenfible  proportion  to  that  difiancc ; N m n the 
earth  in  different  points  of  it’s  orbit.  Let  N m 
be  any  particular  meridian  of  the  earth,  and  N a 
given  point,  or  place,  lying  under  that  meridian. 

When  the  earth  is  at  A,  the  fun  S hides  the  fiar 
R,  which  would  always  be  hid  if  the  earth  never 
moved  from  A,  and  confcquently  as  the  earth 
turns  round  it’s  axis,  the  point  N would  always 
come  round  to  the  fun  and  the  fiar  at  the  fame 
time. 

But  when  the  earth  has  advanced  through  an 
eighth  part  of  it’s  orbit,  or  from  A to  B,  it’s 
motion  round  it’s  axis  will  bring  the  point  N an 
eighth  part  of  a day,  or  three  hours,  fooner  to  the 
fiar  than  to  the  fun.  For  the  fiar  will  come  to 
the  meridian  in  the  fame  time  as  though  the  earth 
had  continued  in  it’s  former  fituation  at  A,  but 
the  point  N muft  revolve  from  N to  n,  before  it 
can  have  the  fun  upon  it’s  meridian.  The  arc 
N n being  therefore  the  fame  part  of  a whole  cir- 
cle, as  the  arc  A B,  it  is  plain  that  any  fiar  which 
comes  to  the  meridian  at  noon,  writh  the  fun, 

when 
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when  the  earth  is  at  A,  will  come  to  it  at 
nine  o’clock  in  the  forenoon,  when  the  earth  is 
at  B.  - 

When  the  earth  has  palfc-d  from  A to  C,  one- 
fourth  part  of  it’s  orbit,  the  point  N will  have  the 
liar  upon  it’s  meridian,  or  at  fix  in  the  morning, 
fix  hours  fooner  than  it  comes  round  to  the  fun ; 
but  the  point  N mull  revolve  fix  hours  more,  be- 
fore it  has  mid-day  by  the  fun  : for  now  the  an- 
gle AS  D is  a right  angle,  and  fo  is  N Dn ; that 
is,  the  earth  has  advanced  90  degrees  on  it’s  axis3 
to  carry  the  point  N from  the  ftar  to  the  fun  { for 
the  ftar  always  comes  to  the  meridian  when  N m 
is  parallel  to  R S A ; becaufe  D S is  but  a point 
in  refpedl  to  R S.  When  the  earth  is  at  D,  the 
ftar  comes  to  the  meridian  at  three  in  the  morn- 
ing, at  E,  the  earth  having  gone  half  round  it’s 
orbit;  N points  to  the  ftar  at  midnight,  it  being 
then  directly  oppofite  to  the  fun ; and,  therefore, 
by  the  earth’s  diurnal  motion,  the  ftar  comes  to 
the  meridian  twelve  hours  before  the  fun,  and 
then  goes  on,  till  at  A it  comes  to  the  meridian 
with  the  fun  again. 

Thus  it  is  plain,  that  one  abfolute  revolution 
of  the  earth  on  it's  axis,  (which  is  always  com- 
pleted when  any  particular  ftar  comes  to  be 

parallel 
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parallel  to  it’s  fituation  at  any  time  of  the  day  be- 
fore) never  brings  the  fame  meridian  round  from 
the  fun,  to  the  fun  again ; but  that  the  earth  re- 
quires as  much  more  than  one  turn  on  it’s  axis, 
to  finifh  a natural  day,  as  it  has  gone  forward  in 
that  time,  which,  at  a mean  fiate,  is  a 365th 
part  of  a circle. 

From  hence  we  obtain  a method  of  knowing 
by  the  bars,  whether  a clock  goes  true  or  not. 
For  if  through  a frnall  hole  in  a window-fhutter, 
or  in  a thin  plate  of  metal  fixed  to  a window,  we 
cbferve  at  what  time  any  flar  difappears  behind  a 
chimney,  or  corner  of  a houfe,  at  a little  difiance 
and  if  the  fame  fiar  difappears  the  next  night, 
3 min.  56  fcconds,  fooner  by  the  clock  ; and  on 
the  fecond,  7 minutes,  52  feconds  fooner;  the 
third  night,  1 1 minutes,  48  feconds  fooner,  and 
fo  on  every  night  ; it  is  an  infallible  fign  that 
the  machine  goes  true ; otherwife  it  does  not, 
and  muft  be  regulated  accordingly.  This  me- 
thod may  be  depended  on  to  nearly  half  a fecond. 

Of  the  Seasons  of  the  Year. 

It  is  our  bufinefs  under  the  prefent  head  to  ac* 
count  for  the  phenomena  of  the  feafons,  thole 
grateful  viciflitudcs  on  which  fo  much,  both  of 

H the 
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the  bufinefs  and  happinefs  of  man  depends.  As 
the  feafons  are  applied  in  the  hieroglyphic  lan- 
guage of  the  bible,  to  mark  the  different  ftages 
of  man’s  prog, refs  in  virtue,  the  iile,  meridian 
g’ory,  decline,  and  confummation  ot  the  church, 
or  the  different  difpenfations  of  divine  goodnef* 
and  truth  to  man  ; we  do  not  think  the  reader 
will  be  offended,  if  we  prefent  him  with  a few 

obfervations  on  this  head,  extracted  from  the 

> 

works  of  an  elegant  moralift. 

The  natural  advantages  which  arife  from  the 
p 011 1 ion  of  the  earth  which  we  inhabit,  with 
refpebt  to  the  other  planets,  afford  much  employ- 
ment to  mathematical  fpeculation  ; by  which  it 
has  been  difcovered,  that  no  other  conformation 
of  the  fyftem  could  have  given  fuch  commodious 
diftributions  of  light  and  heat,  or  imparted  fer- 
tility and  pleafure  to  fo  great  a part  of  a revolving 
fphere. 

The  moralift  may  with  equal  rcafon  obfcrve, 
that  our  globe  feems  equally  fitted  tor  the  reft- 
dence  of  a being,  placed  here  only  tor  a fhort 
time,  whofe  tafk  is  to  advance  himfelt  to  a higher 
and  happier  ffate  of  exiftence,  by  unremitted 
vigilance  of  caution,  and  activity  ot  virtue.  Ike 

duties  of  man  are  fuch  as  human  nature  does  not 

willingly 
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willingly  perform,  and  fuch  as  thofe  are  inclined 
to  delay,  who  intend  fome  time  to  fulfil  them. 
It  was,  therefore,  neceffary,  that  this  univerfiil 
reluctance  fliould  be  counteracted,  and  the  drow- 
linefs  of  hefitation  awakened  into  refolve ; that 
the  clanger  of  procraflination  fliould  be  always 
in  view,  and  the  fallacies  of  fecurity  be  hourly 
detected,  lo  this  end,  all  the  appearances  of 
nature  uniformly  confpire : whatever  we  fee  on 
every  fide,  reminds  us  of  the  lapfe  of  time,  and 
the  flux  of  life.  The  day  and  night  fucceed  each 
other ; the  rotation  of  the  feafons  diverfifies  the 
year  ; the  fun  attains  the  meridian,  declines  and 
lets;  and  the  moon  every  night  changes  it’s 
form. 

I he  day  may  be  conlidered  as  an  image  of  the 
year,  and  a year  as  the  representation  of  life. 
The  morning  anfwers  to  the  fpring,  and  the 
fpnng  to  childhood  and  youth.  The  noon  cor— 
lefponds  to  the  fummer,  and  the  futnmer  to  tire 
hi  cngth  of  manhood.  The  evening  is  an  emblem 

of  autumn,  and  autumn  of  declining  life.  The 

nigh t,  with  it  s filence  and  darkncfs,  fhews  the 
winter,  in  which  all  the  powers  of  vegetation 
arc  benumbed  ; and  the  winter  points  out  the 
time  when  life  fhall  ceafe,  with  it’s  hopes  and 
plcafures. 

H 2 
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He  that  is  carried  forward,  however  fwiftl/* 
by  a motion  equable  and  eafy,  perceives  not  the 
change  of  place,  but  by  the  variation  objects. 

If  the  wheel  of  life,  which  rolls  thus  filently 
along,  palled  on  through  undid inguifhable  uni- 
formity, we  fhould  never  mark  it  s approaches 
to  the  end  of  the  courfe.  If  one  hour  were  like 
another;  if  the  palfage  of  the  fun  did  not  {hew 
it’s  wafting  ; if  the  change  of  fealons  did  not  im- 
prcfs  upon  us  the  flight  of  the  year ; quantities 
of  duration,  equal  to  days  and  years,  would  glide 
away  unobferved.  If  the  parts  of  time  weic  not 
vanoufty  coloured,  we  lnould  never  difcern  their 
departure  or  fucccftion;  but  iiiould  live  ihought- 
lefs  of  the  pad,  and  carelefs  of  the  future,  with- 
out will,  and  perhaps  without  power,  to  com- 
pare the  time  which  is  already  loft,  with  that 
which  may  probably  remain. 

But  the  courfe  of  time  is  fo  vidbly  marked, 
that  it  is  even  obierved  bv  nations,  who  have 
raifed  their  minds  very  little  above  animal  in- 
ftindt.  That  thefe  admonitions  of  nature 
may  have  their  due  effect ; let  him  that  defiies 
to  fee  others  happy,  make  hafte  to  give  while  his 
gift  can  be  enjoyed ; and  remember,  that  every 
moment  of  delay  takes  away  fomething  from  the 
value  of  his  benefaction.  And  let  him  who  pro- 
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pofes  his  own  happinefs,  refled,  that  while  he 
forms  his  purpofe,  the  day  rolls  on,  and  the 
night  cometh,  when  no  man  can  work. 

In  order  to  explain  the  caufes  of  thofe  changes 
that  are  termed  the  feafons  of  the  year,  it  will  be 
neceflary  to  premife  a few  confidcrations : Firft, 
that  on  account  of  the  immenfe  diflance  of  the 
fun  from  the  earth,  the  rays  which  proceed  from 
it  may  be  confidered  as  parallel  to  each  other. 
Secondly,  that  only  one-half  of  a globe  can  be 
illuminated  by  parallel  rays,  and  therefore  only 
one-hah  ct  the  earth  will  be  enlightened  by  the 
fun  at  one  time.  Thirdly,  that  we  may  call  the 

line  which  divides  light  from  darkncfs,  the  ter- 
minator. 


Thefe  confiderations,  as  well  as  fome  of  the 
following  deductions,  will  be  rendered  more 
clear,  by  a furvey  of  fig.  1,  2,  and  3,  pi.  VI.  where 
N /E  S Qjeprefents  the  globe  of  the  earth  ; N 
80  S,  N 70  S,  &c.  different  meridians  interfed- 
ing  the  equator  A Qat  right  angles,  and  palling 
through  the  poles  N and  S ; T T the  terminator ; 
B a brafs  ball,  to  reprefcnt  the  fun,  with  parallel 
rays  proceeding  from  it. 


In 
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In  fig.  3,  the  poles  coincide  with  the  termi- 
nator. 

In  fig.  i,  the  north  pole  is  altogether  in  the 
illuminated  hemifphere,  and  the  fouth  pole  in 
the  dark  hemifphere. 

In  fig.  2,  the  fouthern  pole  is  in  the  enlight- 
ened part,  and  the  north  pole  in  the  dark  hemi- 
fphere. 

It  is  day  in  any  given  place  on  the  globe,  fo 
long  as  that  place  continues  in  the  enlightened 
hemifphere ; and  when,  by  the  diurnal  rotation 
of  the  earth  on  it’s  axis,  it  is  carried  into  the 
dark  hemifphere,  it  becomes  night  to  that  place. 

The  length  of  the  day  and  the  night  depend  on 
the  pofition  of  the  terminator,  with  refpect  to 
the  axis  of  the  earth. 

If  the  poles  be  fituated  in  the  terminator,  as 
iji  fig.  3,  every  parallel  will  be  divided  into  two 
equal  parts  ; and  as  the  uniform  motion  of  the 
earth  caufes  any  given  place  to  delcribe  equal 
parts  of  it’s  parallel  in  equal  times,  the  day  and 
the  night  would  be  equal  on  every  parallel  of 

latitude ; 
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latitude ; that  is,  all  over  the  globe,  except  at 
the  poles,  where  the  fun  would  neither  rife  nor 
let,  but  continue  in  the  horizon. 

But  ir,  as  in  fig.  i and  2,  the  axis  be  not 
placed  in  the  plane  of  the  terminator,  the  termi- 
nator will  divide  the  equator  into  two  equal 
parts,  but  the  parallels  into  unequal  parts ; thole 
which  arc  fituated  towards  the  enlightened  pole, 
will  have  a greater  part  of  their  circumference  in 
the  enlightened,  than  in  the  dark  hemifphere- 
while  fimilar  parallels  toward  the  other  pole  will 
have  the  greater  part  of  their  circumference  in 
the  dark  hemifphere.  Whence  it  follows,  that 
the  firft-mentioned  parallels  will  enjoy  longer 
days  than  nights  ; and  the  contrary  will  happen 
to  the  latter,  where  the  day  will  be  the  Ihorteft, 
and  the  night  the  Iongeft.  All  this  is  evident 
from  the  bare  infpcclion  of  the  figures  ; it  is  alfo 
obfervable,  that  the  difproportion  is  greateft  in 
the  greatell  latitude,*  and  that  thofe  places, 
whofe  difhmce  from  the  pole  is  lefs  than  that  of 
the  pole  from  the  terminator,  mud  enjoy  either  a 
confiant  day,  or  a conftant  night ; becaufe  they 
are  never  carried  into  theoppoiite  hemifphere  by 
tne  diurnal  rotation  of  the  earth.  In  this  pofition 
°f  thc  axis>  the  inhabitants  on  one  fide  of  the 
equator  may  be  faid  to  enjoy  fummer,  and  thofe 
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on  the  other  fide  winter  with  refped:  to  each 
other. 

From  what  has  been  faid,  it  is  plain,  that  the 
viciffitudes  in  the  days  and  nights  are  occalioned 
by  the  petition  of  the  terminator,  or  boundary  of 
light  and  darknefs,  with  the  axis  of  the  earth,  or 
in  other  words,  of  the  different  afped  of  the 
earth  with  refped  to  the  fun. 

We  have  now  only  to  {hew  what  caufes  the 
change  of  polition  in  the  terminator,  which  is, 

1.  The  inclination  of  the  earth’s  axis  to  the  plane 
of  the  ecliptic,  or  orbit  in  which  it  moves. 

2.  That  through  the  whole  of  it’s  annual  courfe 
the  axis  of  the  earth  preferves  it’s  pofition,  or 
continues  parallel  to  itfelf;  that  is,  if  a line  be 
conceived  as  drawn  parallel  to  the  axis  while  the 
earth  is  in  any  one  point  of  it’s  orbit,  the  axis 
will  in  every  other  pofition  of  the  earth  be  paral- 
lel to  the  faid  line. 

If  the  axis  of  the  earth  were  perpendicular  to 
the  place  of  it’s  orbit,  the  equator  and  the  orbit 
(or  ecliptic)  would  coincide ; and  as  the  fun  is 
always  in  the  plane  of  the  ecliptic,  it  would  in 
this  cafe  be  always  over  the  equator,  as  in  fig.  3, 
and  the  two  poles  would  be  in  the  terminator, 

and 
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and  there  would  be  no  diverfity  in  the  days  and 
nights,  and  but  one  feafon  of  the  year ; but  as 
this  is  not  the  cafe,  we  may  fairly  infer  that  the 
axis  of  the  earth  is  not  perpendicular  to  the  plane 
of  it’s  orbit. 

But  if  the  earth’s  axis  be  inclined  to  the  plane 
of  the  ecliptic  when  the  earth  is  as  at  fig.  Iy 
plate  VI.  the  pole  N will  be  towards  the  fun,  and 
the  pole  S will  be  turned  from  it  ,*  but  juft  the 
contrary  will  happen,  when  the  earth  by  going 
half  round  the  fun  nas  arrived  at  the  oppofite 
point  in  it’s  orbit:  by  this  means  the  fun  will 
not  be  always  in  the  equator,  but  at  one  time  of 
the  year  it  will  appear  nearer  to  one  of  the  poles, 
and  at  the  oppofite  time  it  will  appear  nearer  to 
the  other.  Fo  this  the  change  of  feafons  is 
owing;  for  when  the  fun  leaves,  the  equator  and 
approaches  to  one  of  the  poles,  it  will  be  fummer 
on  that  fide  of  the  equator,  and  when  the  fun 
departs  from  thence  and  approaches  to  the  other 
pole,  then  it  will  be  winter.  From  the  inclina- 
tion of  the  axis,  each  part  of  the  earth  enjoys  the 
benefit  of  fummer  in  it’s  turn  : for  it  is  evident, 
lrom  what  has  been  faid  already,  that  when  it  is 
winter  towards  one  of  the  poles,  on  one  fide  the 
equator,  it  is  fummer  towards  the  other  pole,  or 
on  the  other  fide  of  the  equator. 


To 
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To  elucidate  Rill  further  the  changes  in  the 
feafons,  we  {hall  beg  the  reader’s  attention  to 
the  figures  in  plates  V.  and  VI.  which  reprefent 
one  of  the  moR  limple  inRruments  hitherto  con- 
trived for  explaining  them.  Fig.  i,  plate  V.  is 
the  whole  of  the  inftrument.  Fig.  r,  2,  and  3, 
plate  VI.  two  portions  of  it  thus  exhibited,  in 
order  to  give  a more  diflindt  view  of  the  phe- 
nomena. 

If  we  now  fuppofe  the  earth  to  be  at  Libra,  as 
in  fig.  i,  plate  V.  then  will  the  fun  appear  to 
be  at  the  oppofite  point  of  the  ecliptic  in  Aries, 
the  time  of  our  vernal  equinox.  The  terminator 
will  pafs  through  the  poles  of  the  world,  and 
divide  every  parallel  to  the  equator  into  two 
equal  parts;  confequently  the  nocturnal  and  di- 
urnal arches,  or  the  length  of  the  day  and  night, 
will  be  equal  in  all  places  over  the  world.  See 
fig.  3,  plate  VI. 

But  if  you  conceive  the  earth  by  it’s  annual 
motion  to  have  moved  to  Capricorn,  the  axis 
keeping  parallel  to  itfelf;  the  north  pole  will 
by  this  motion  have  gradually  advanced  into  the 
enlightened  hemifphere,  fo  that  the  whole  north- 
ern polar  circle  will,  when  it  has  arrived,  be  in 
the  illuminated  hemifphere,  while  the  fouthern 
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pole  recedes  into  darknefs,  and  all  the  northern 
parts  will  enjoy  long  days  and  fummer,  while  the 
fouthern  parts  will  have  Ihort  days  and  winter. 

Again,  while  the  earth  is  deferibing  the  next 
quarter  of  it’s  orbit,  or  going  from  Capricorn 
through  Aquarius  and  Pifces  to  Aries,  the  north 
pole  approaches  the  terminator  in  the  fame  pro- 
portion that  it  before  receded  from  it,  and  con- 
fequently  the  diurnal  arches  gradually  leflen  till 
it  arrives  at  Aries,  when  the  poles  will  again 
coincide  with  the  terminator,  and  thus  caufe  the 
days  and  nights  to  be  every  where  equal.  This 
is  called  the  autumnal  equinox. 

During  the  next  quarter,  or  while  the  earth  is 
going  through  Taurus  and  Gemini,  the  north 
pole  will  gradually  recede  from  the  light,  while 
the  fouthern  one  advances  into  it;  and  the  days 
will  fhorten  in  the  northern  hemifphere,  and 
lengthen  in  the  fouthern,  until  the  earth  is  ar- 
rived at  Cancer,  the  fun  then  appearing  in  Ca- 
pricorn, when  the  north  pole  will  be  juft  as  far 
within  the  dark  as  in  June  it  was  in  the  enlight- 
ened hemifphere.  This  time  is  called  the  win- 
ter solsiice.  The  days  every  where  in  the 
northern  hemifphere  are  now  at  the  fhorteft,  and 
to  the  fouthward  they  are  at  the  longcft. 
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From  the  winter  folftice  to  the  vernal  equinox 
the  pole  will  approach  the  terminator,  and  the 
days  will  again  lengthen  in  the  northern  hemi- 
fphere,  and  at  the  indant  in  which  the  axis 
again  coincides  with  the  plane,  the  natural  year, 
confiding  of  365  days,  5 hours,  482  minutes*  is 
finidied. 

The  pupil  will  obferve,  by  confidering  the  in- 
drument,  that  during  the  whole  revolution  ot'  the 
earth,  one-half  of  the  equator  is  always  in  the 
light,  and  the  other  half  in  darknefs ; and  con- 
fequently,  that  under  the  equator  the  days  and 
nights  are  always  of  an  equal  length. 

While  the  earth  is  going  from  Libra  to 
Aries,  the  north  pole  is  condantly  illuminated, 
and  the  fouth  pole  all  the  while  in  darknefs ; and 
for  the  other  half  of  the  year  in  a contrary  date. 

It  is  cafy  to  perceive,  by  the  foregoing  expla- 
nation, that  the  inhabitants  of  the  fouthern  he- 
mifphere  have  the  fame  viciditudes,  though  not 
at  the  fame  time,  it  being  winter  in  one  hemi-> 
fphere  while  it  is  fummer  in  the  other. 

There  is  dill,  however,  one  circumdance  to  be 
confidercd,  namely,  the  daily  apparent  change 
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in  the  fun’s  declination  ; but  this  will  be  eafily 
conceived,  by  attending  to  fig.  i,  2,  and  3,  pi. 
VI.  and  conceiving  a line  to  be  drawn  from  the 
center  of  the  fun  to  the  center  of  the  earth,  in 
each  fituation.  This  line  may  be  called  the  cen- 
tral folar  ray.  About  the  21  ft  of  December,  when 
the  earth  is  in  Cancer,  this  ray  will  terminate  or 
fall  upon  the  fouthern  tropic,  or  the  tropic  of 
Capricorn  ; and  confcquently,  by  the  earth's  ro- 
tation round  her  axis,  the  inhabitants  of  every 
part  oi  this  circle  will  fucceflively  have  the  fun  in 
then  zemtu ; 01  in  other  vords,  he  will  be  ver- 
tical to  them  that  day  at  noon,  as  the  fun 

appears  that  day  to  be  carried  round  in  the  tropic 
of  Capricorn. 

Aeout  the  19th  of  March,  the  earth  is  at 
Aiies,  and  the  fun  will  then  appear  in  Libra  ; the 
central  folar  ray  terminates  upon  the  furface  of 
the  earth,  in  the  equator,  as  at  fig.  3 - and  there- 
fore the  fun  appears  to  be  carried  round  in 
the  celeflial  equator,  and  is  fucccfhvcly  vertical 
to  thofe  who  live  under  that  circle. 

. About  the  21  ft  of  June,  when  the  earth  is 
in  Capricorn,  the  central  folar  ray  terminates  on 

lhe  furface  of  the  earth,  in  the  northern  tropic, 

; and  for  that  day  the  lun  appears 
to  be  carried  round  in  the  tropic  of  Cancer, 
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and  is  vertical  to  thofe  who  live  under  that  cir- 
cle. About  the  22nd  of  September,  the  earth  is 
in  Libra,  and  the  fun  in  Aries,  and  the  central 
folar  ray  again  terminates  at  the  equator;  confe- 
quently  the  fun  again  appears  in  the  celeftiai 
equator,  and  is  vertical  to  thofe  who  live  under  it. 

We  have  feen,  that  as  the  fun  moves  in  the 
ecliptic,  from  the  vernal  equinox  to  the  tropic  of 
Cancer,  it  gets  to  the  north  of  the  equator,  or  it’s 
declination  towards  our  pole  increafes.  There- 
fore, from  the  vernal  equinox,  when  the  days 
and  nights  are  equal,  till  the  fun  comes  to  the 
tropic  of  Cancer,  our  days  lengthen,  and  our 
nights  fhorten  ; but  when  the  fun  comes  to  the 
tropic  of  Cancer,  it  is  then  in  ids  utmoft  northern 
limit,  and  returns  in  the  ecliptic  to  the  equator 
a crain.  During  this  return  of  the  fun,  it’s  dccli- 
nation  towards  our  pole  decreafes,  and  con- 
fcquendy  the  days  dccreafe,  and  the  nights  in- 
crcafc,  till  the  fun  is  arrived  in  the  equator  again, 
and  is  in  the  autumnal  equinoctial  point,  when 
the  days  and  nights  will  again  be  equal.  As  the 
fun  moves  from  thence  towards  the  tropic  of 
Capricorn,  it  gets  to  the  fouthof  the  equator  ; or 
it’s  declination  towards  the  fouth  pole  increafes. 
Therefore,  at  that  time  of  year,  our  days  fhorten, 
and  our  nights  lengthen,  till  the  fun  arrives  at 
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the  tropic  of  Capricorn ; but  when  the  fun  is 
arrived  there,  it  is  then  at  it’s  utmoft  fouthern 
limit,  and  returns  in  the  ecliptic  to  the  equator 
again.  During  this  return,  it’s  diftance  from  our 
pole  lei  lens,  and  confequentiy  the  days  will 
lengthen,  as  the  nights  will  Ihorten,  till  they 
become  equal,  when  the  fun  is  come  round  to  the 
vernal  equinoctial  point. 

Our  fummer  is  nearly  eight  days  longer  than 
the  winter.  By  fummer  is  meant  here  the  time 
that  pa  lies  between  the  vernal  and  autumnal 
equinoxes;  by  winter,  the  time  between  the 
autumnal  and  vernal  equinox.  The  ecliptic  is 
divided  into  iix  northern,  and  fix  fouthern  ligns, 
and  interfe&s  the  equator  at  the  firft  of  Aries, 
and  the  firft  of  Libra.  In  our  fummer,  the  fun’s 
apparent  motion  is  through  the  fix  northern,  and 
our  winter  through  the  fix  fouthern  figns ; yet 
the  fun  is  1 86  days,  n hours,  51  minutes,  in 
pa  fling  through  the  fix  firft  • and  only  178  days, 
17  hours,  58  minutes,  in  palling  through  the 
fix  lath  Their  difl'ercnce,  7 days,  17  hours, 
53  minutes,  is  the  length  of  time  by  which  our 
lu miner  exceeds  the  winter. 

In  fig.  i>  plate  \ II.  A BCD  reprefents  the 
earth  s orbit ; S the  fun  in  one  of  it’s  foci ; when 

the 
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the  earth  is  at  B,  the  fun  appears  at  H,  in  the 
fir  ft  point  of  Aries ; and  whilft  the  earth  moves 
from  B through  C to  D,  the  fun  appears  to  run 
through  the  fix  northern  figns,  from  "p  through 
05  to  at  F.  When  the  earth  is  at  D,  the  fun 
appears  at  F,  in  the  firft  point  of  Libra  ; and 

as  the  earth  moves  from  D through  A to  B,  the 

\ 

fun  appears  to  move  through  the  fix  fouthern 
iigns,  from  =2=  through  V?  to  Aries  at  H. 

Ffence  the  line  F H,  drawn  from  the  firft 
point  of  Aries  through  the  fun  at  S,  to  the  firft 
point  of  ^2,  divides  the  ecliptic  into  two  equal 
parts  ; but  the  fame  line  divides  the  earth’s  elip- 
tical  orbit  into  two  unequal  parts.  The  greater 
part  B C D is  that  which  the  earth  deferibes  in  the 
fummer,  while  the  fun  appears  in  the  northern 
iigns.  The  lefierpart  is  D A B,  which  the  earth 
deferibes  in  winter,  while  the  fun  appears  in  the 
fouthern  figns.  C the  earth’s  aphelion,  where  it 
moves  floweft,  is  in  the  greater  part ; A it’s  pe- 
rihelion, is  in  the  Idler  part,  where  the  fun 
moves  fafteft. 

There  are,  therefore,  two  reafons  why  our  fum- 
mer is  longer  than  our  winter;  firft,  becaufe  the 
fun  continues  in  the  northern  figns,  while  the 
earth  is  deferibing  the  greater  part  of  it’s  orbit ; 

and 
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and  fccondly,  becaufe  the  fun's  apparent  inotion 
is  flower  while  it  appears  in  the  northern  ligns, 
than  vvhilfl  it  appears  in  the  fouthern  ones. 

The  fun’s  apparent  diameter  is  greater  in  our 
winter  than  in  hummer,  becaufe  the  earth  is  nearer 
to  the  fun  when  at  A in  the  winter,  than  it  is 
when  at  C in  the  fummer.  I he  fun’s  apparent 
diameter,  in  winter,  is  32  min.  47  feconds  ; in 
fummer,  3 1 min.  40  feconds. 

But  if  the  earth  is  farther  from  the  fun  in  fum- 
mer  than  in  winter,  it  may  be  allied,  why  our 
winters  are  fo  much  colder  than  our  fummers  ? 
To  this  it  may  beanfwered,  that  our  fummer  is  ' 
hotter  than  the  winter,  flfA,  on  account  of  the 
greater  height  to  which  the  fun  rifes  above  our 
horizon  in  the  fummer;  fccondly,  the  greater 
length  of  the  days.  The  fun  is  much  higher  at 
noon  in  fummer  than  in  winter,  and  confequcntly 
as  it’s  rays  in  fummer  are  lefs  oblique  than  in 
winter,  more  of  them  will  fall  upon  the  furface 
of  the  earth.  In  the  fummer,  the  days  are  very 
long,  and  the  nights  very  (h ort ; therefore  the 
earth  and  air  are  heated  by  the  fun  in  the  day- 
time, more  than  they  are  cooled  in  the  night ; 
and  upon  this  account,  the  heat  will  keep 
increafing  in  the  fummer,  and  for  the  fame  rca- 
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foil  will  decrcafe  in  winter,  when  the  days 
ftiorten,  and  the  nights  lengthen. 

On  some  Appearances  which  depend  on  the 
Circles  of  the  Heavens,  and  the  Position 
of  the  Observer  in  Respect  of  them. 


For  the  more  eafy  underftanding  oi  thcfe 
phenomena,  it  will  be  neceflary  to  premife  two 
obfervations. 

1.  That  the  inclination  of  an  axis,  or  orbit,  is 
merely  relative,  becaufe  we  compare  it  with 
fome  other  axis,  or  orbit,  which  is  not  inclined 
at  all.  Thus  our  horizon  being  level  to  us, 
whatever  place  of  the  earth  we  are  upon,  we  con- 
fider  it  as  having  no  inclination  ; and  yet,  if  we 
travel  90  degrees  from  that  place,  we  fhall  then 
have  an  horizon  perpendicular  to  the  former,  but 
it  will  Hill  be  level  to  us. 

/ 

2.  That  half  of  the  heavens  arevifible  to  an 
inhabitant,  on  any  part  of  the  earth. 

Of  a parallel  Sphere. 

An  inhabitant  of  the  earth,  who  lives  at  either 
of  the  poles,  has  one  of  the  celeftial  poles  in  his 
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zenith,  or  diredly  over  his  head  ; the  other  in 
his  nadir,  or  diredly  under  his  feet.  The  ce- 
lellial  equator  will  coincide  with  the  horizon; 
and  as  the  polar  circles,  the  tropics,  and  all  the 
circles  of  daily  motion,  are  parallel  to  the 
equator,  they  will  alfo  be  parallel  to  the  horizon. 

It  is  from  this  pofition  of  the  circles  of  the 
fphere,  in  lefped  to  the  horizon  of  a perfon  who 
lives  at  either  pole,  that  he  is  laid  to  live  in  a 
parallel  sphere. 

As  all  the  circles  of  daily  motion  are  parallel  to 
the  equator,  it  follows,  that  ail  the  heavenly 
bodies,  to  an  inhabitant  at  the  pole,  are  carried 
round  by  their  apparent  motion,  in  circles  which 
,are  parallel  to  the  horizon  ; (thus  the  fun,  when 
above  the  horizon,  appears  to  revolve  in  a circle 
parallel  to  it,  and  at  an  altitude  equal  to  his 
diflan^c  horn  the  equator)  and  confequently  this 
motion  can  never  make  thofe  rife,  which  move 
in  the  circles  below  the  horizon,  nor  thole  let 
which  move  above  it. 

Hence,  alfo,  an  inhabitant  at  the  north  pole 
has  the  fun  above  his  horizon,  and  therefore  per- 
petual day  all  the  time  the  tun  is  on  the  north  tide  ' 
of  the  equator,  that  is,  lor  fix  months  together. 
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But  the  fun  is  below  his  horizon,  and  it  is  night 
with  him  all  the  time  the  fun  is  on  the  fouth  fide 
of  the  equator,  which  is  alfo  for  fix  months  ; or, 
in  other  words,  the  fun  will  be  feen  for  half  a 
year,  and  then  it  will  be  day  ; and  it  will  be  hid- 
den for  half  a year,  and  then  it  will  be  night. 

Of  a right  Sphere. 

If  an  obferver  be  fituated  under  the  equator, 
he  will  have  the  celefiial  poles  in  his  horizon, 
and  the  celefiial  equator  over  his  head,  and  at 
right  angles  with  his  horizon ; the  ether  circles 
of  daily  motion  being  parallel  to  the  equator,  are 
alfo  perpendicular,  or  at  right  angles  with  his 
horizon  ; therefore,  in  a right  fphere  the  rifing 
and  fettingof  the  fun  is  in  circles  that  make  right 
angles  with  the  horizon.  It  is  from  this  pofition 
of  thefe  circles  that  he  is  faid  to  live  in  a right 

SPHERE. 

» 

In  a right  fphere,  the  equator,  and  every 
parallel  to  it,  is  divided  into  two  equal  parts  by 
the  horizon,  one  half  being  above,  the  other 
half  below  it;  there  is,  therefore,  a perpetual 
equinox  under  the  equator,  that  is,  the  days  and 
nights  are  equal  to  one  another  at  all  times  of  the 

year. 
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year,  each  clay  being  12  hours  long,  and  every 
night  of  the  fame  length. 


Of  an  oblique  Sphere. 

In  all  other  pofitions  of  the  fphere,  except 
thole  already  deferibed,  the  equator,  and  the 
circles  parallel  to  it,  are  inclined  to  the  horizon. 
In  tiiis  cafe,  the  pofition  of  the  Iphere  is  fa  id  to 
be  oblique.  This  pofition  agrees  with  all  thofe 
people  who  live  neither  under  the  pole,  nor 
under  the  equator.  One  of  the  poles  is  elevated 
above  the  horizon,  the  other  is  depreffcd  beneath 
it,  and  the  equator  is  inclined  to  the  horizon. 

In  plate  XlV.  fig.  1,  the  terreftrial  globe  is  in 
the  pofition  of  the  oblique  fpherc. 

It  is  evident,  that  in  this  fituation  all  the 
parallels  to  the  equator  are  divided  by  the  horizon 
into  two  unequal  parts,  but  the  equator  into 
two  equal  parts  ; confequently  the  day  and  night 
are  never  equal  to  an  inhabitant  in  an  oblique 
P ere,  but  when  the  fun  is  in  the  equator,  that 
*s>  twice  a year,  on  the  20th  of  March,  and  the 
2 2d  of  September.  All  the  reft  of  the  year  the 
fayS  aic  eullcr  longer  or  fhorter  than  the  nights  ; 
°r  ^iC  ^urb  which  always  appears  to  move  in 
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the  ecliptic,  deferibes  one  of  the  parallels  to  the 
equator,  which  arc  all  cut  by  the  hoiizon  into 
two  unequal  parts.  On  the  northern  fide  of  the 
equator,  the  days  are  longer  than  the  nights,  as 
long  as  the  fun  is  on  the  north  tide  of  the  equator ; 
but  the  nights  are  longer  thaai  the  days,  when  the 
fun  is  to  the  fouth  of  the  equator. 

The  portion  of  the  parallels  above  the  horizon 
js  greater  in  proportion  as  they  are  nearer  the 
elevated  pole  ; but  w'hen  the  dill  a nee  oi  the  paral- 
lel front  the  pole  becomes  Ids  than  the  elevation 
of  the  pole,  then  that  parallel,  and  all  thofe  which 
are  included  within  it,  are  w holly  above  the  hori- 
zon, no  part  ot  them  ever  fetting  or  palling  under 
it.  The  contrary  happens  in  the  parallels  that 
are  fituated  towards  the  deprefled  pole,  a fmallcr 
portion  of  thefe  being  above  the  horizon,  and  the 
greater  part  lying  under  it.  Thofe  parallels 
which  are  nearer  the  deprelfed  pole,  than  the  ele- 
vation of  the  pole,  or  latitude  ot  the  place,  re- 
main perpetually  (together  with  the  llais  in- 
cluded within  them)  under  the  horizon,  and  are 
never  viiible  to  us. 

In  an  oblique  fphere  there  is  one  parallel  w hich 
is  as  far  diftant  from  the  elevated  pole,  as  the 

place  is  from  the  equator.  This  parallel  is  called 

the 
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the  circle  of  perpetual  apparition,  or  the 
large  ft  of  all  thofe  which  conftantly  appear  ; the 
ftars  included  within  it  never  either  rife  or  fcr, 
though  they  are  at  times  more  elevated  above 
the  horizon  than  at  others.  Towards  the  other 
pole  there  is  another  circle,  oppofite  to  this, 
which  is  the  circle  of  perpetual  occultation. 
All  the  ftars  that  are  contained  within  this,  never 

rife,  but  lie  hid  under  the  horizon,  and  are  never 
feen. 

An  Explanation  of  The  Phzenomena  which 

ARISE  FROM  THE  MOTION  OF  THE  EaRTH,  AND 
OF  THE  INFERIOR  PLANETS,  MeRCURY  AND 

Venus. 

It  will  be  neceftary  in  this  place  to  define 
more  exactly  fome  words  which  have  been  ftightly 
explained  before,  and  recall  the  reader's  attention 
to  fome  definitions  that  have  been  already  given  % 
and  it  is  prefumed,  that  thefe  repetitions  will  not 
be  an  objeeft:  of  complaint,  becaufe  they  will 
anfwer  the  beneficial  purpofe  of  grounding  the 
reader  more  firmly  in  the  knowledge  of  the  fcience, 
to  which  this  eftay  is  intended  as  an  introdu&iom 


I 
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When  two  planets  are  feen  together  in  the  fame 
fjgn  of  ihe  zodiac,  and  equally  advanced  therein,, 
they  are  faid  to  be  in  conjunction.  But  when 
they  are  in  oppofite  figns  of  the  zodiac,  they  are 
faid  to  be  in  opposition.  Ihus  a planet  is  faid 
to  be  in  oppofition  to  the  fun,  when  the  earth  is 
between  the  fun  and  the  planet. 


The  elongation  of  a planet  is  it's  apparent 
diftance  from'  the  fun.  When  a planet  is  in  con- 
junction with  the  fun,  it  has  no  elongation  ; when 
m oppofition,  it’s  elongation  is  1 80  degrees. 


The  nodes  of  a planet’s  orbit  are  thofe  two 
points  where  the  orbit  cuts  the  plane  of  the  eclip- 
tic. We  before  obferved,  that  the  orbits  of  all 
the  planets  are  inclined  to  the  plane  of  the  eclip- 
tic, and  confequently  crofs  this  plane.  In  fig.  3, 
plate  III.  A B C D is  the  plane  of  the  ecliptic; 
E B F D is  the  orbit  of  a planet,  in  which  the 
points  B and  D are  the  two  nodes. 


The  line  of  the  nodes  is  a line  B D,  fuppo- 
fed  to  be  drawn  through  the  fun  from  one  node  to 
the  other.  The  limits  of  a planet  s orbit  are 
two  points  in  the  middle  between  the  two  nodes. 
The  point  E is  called  the  greatefi:  northern  limit, 
E the  greatefi.  fouthern  limit. 

The 
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The  greatefi  difiance  of  the  earth,  or  of  any 
planet  from  the  fun,  is  called  it’s  aphelion,  or 
higher  apfis ; it’s  leafi  diftance  is  called  the  peri- 
helion, or  lower  apfis. 


Thus  in  fig.  4,  plate  III.  A is  the  place  of  the 
aphelion,  P that  of  the  perihelion. 

The  axis  P A,  fig.  4)  of  any  planet’s  ellipfis,  is 
called  the  line  of  the  apsides;  the  extreme 
point  of  it’s  fhortefi  diameter  T V are  the  places 
of  it’s  mean  difiance  from  the  fun  ; and  S T, 
or  S V,  the  line  of  it’s  mean  difiance. 

When  a planet  moves  according  to  the  order 
of  the  figns,  it’s  motion  is  faid  to  be  direct,  or 
IN  consequents;  but  Vvhen  it’s  motion  is  con- 
trary to  the  order  of  the  figns,  it  is  faid  to  be 
retrograde,  or  in  antecedents. 

The  place  in  the  fiarry  heavens  that  any  planet 
appears  in,  when  feen  from  the  center  of  the 
earth,  is  called  it’s  geocentric  place.  The 
place  where  it  would  be  feen  in  the  celefiiai 
ipheie,  by  an  obferver  fuppofed  to  be  in  the  fun, 
is  called  it’s  heliocentric  place. 


Of 
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Of  the  Motions  of  the  inferior  Planets, 
. Venus  and  Mercury. 

I 

There  are  two  different  fituations,  in  which  an 
inferior  planet  will  appear  in  conjunction  with  the 
fun  ; one  when  the  planet  is  between  the  fun  and 
the  earth,  the  other  when  the  fun  is  between  the 
earth  and  the  planet.  Let  A,  fig.  2,  plate  VII. 
be  the  earth  in  it’s  orbit,  E the  place  of  Venus  in 
her  orbit  E El  G,  S the  fun,  F V P QJR  T D an 
arc  in  the  ftarry  heavens.  In  this  lituation  the 
fun  and  Venus  are  on  the  fame  fide  of  the  earth, 
and  will  appear  in  the  fame  point  of  the  heavens, 
fo  as  to  be  in  conjunction.  It  the  earth  is  at  A, 
and  Venus  at  G,  they  will  alfo  appear  to  be  in 
conjunction. 

If  the  earth  is  at  A,  the  fun  at  S,  the  planet 
at  E,  nearer  to  the  earth  than  the  fun,  it  is  called 
it’s  inferior  conjunction.  But  it  the  earth  is 
at  A,  and  the  planet  at  G,  farther  from  the  earth 
than  the  fun,  this  is  called  the  superior  con- 
junction ot  the  planet. 

If  an  inferior  planet  is  at  E,  the  earth  at  A, 
and  the  fun  at  S,  the  elongation  is  nothing,  the 
planet  being  then  in  it’s  inferior  conjunction.  As 

;he  planet  moves  from  E to  y,  it’s  elongation  in- 

creafes; 
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creafcs ; for  when  it  is  at  y,  it  appears  in  the  line 
Ay  P,  w hile  the  fun  appears  in  the  line  A S Qj 
fo  that  P A Q^will  be  it’s  elongation.  When  the 
planet  is  arrived  at  x,  it  appears  in  the  line  Ax 
V,  which  is  a tangent  to  it’s  orbit,  and  then  it’s 
elongation  is  V A Q.  which  is  the  greateft  that 
can  be  on  that  lide  the  fun;  for  after  this,  the 
elongation  dccreafes.  When  the  planet  is  at  K, 
it’s  elongation  is  P A Qj  when  at  G,  it  is  no- 
thing, becaufe  it  is  then  in  it’s  fuperior  conjunc- 
tion ; as  the  planet  moves  on  from  G,  it's 
elongation  again  increafes ; for  when  it  comes  to 
C,  it  appears  in  the  l;ne  AC  R,  and  it's  elonga- 
tion is  R A Ch_  When  the  planet  comes  to  H,  a 
line  drawn  from  the  earth  through  the  planet  is  a 
tangent  to  the  orbit,  and  the  elongation  is  T A \ 
the  greateft  it  can  have  when  it  is  on  the  other 
fide  of  the  fun ; for  after  this,  the  elongation 
again  dccreafes. 

Hence  it  is  clear,  that  the  interior  planets  can 
never  appear  far  from  the  fun,  but  muft  always 
accompany  it  in  it’s  apparent  motion  through  the 
ecliptic.  When  we  tee  cither  Venus  or  Mercury 
it  is  either  in  an  evening,  in  the  weft,  foon  after 
the  fun  has  fet;  or  in  a morning,  a little  before 
the  fun  riles.  Venus  is  indeed  bright  enough  fome- 
times  to  be  teen  in  the  day-time,  but  then  ftie  is 


never 
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never  far  from  the  fun.  The  greatefl  elongation 
of  Venus  is  about  40,  and  of  Mercury  about  33 
degrees. 

From  the  apparent  motions  of  the  inferior 
planets,  we  derive  an  argument  to  prove  the  fal- 
fity  of  the  Ptolemaic  fyftem.  If  the  earth  was 
within  the  orbit  of  Venus,  as  the  Ptolemaic 
fyftem  fuppofes,  file  might  be  lomctimes  on  one 
fide  of  the  earth,  whilft  the  fun  is  on  theoppofite 
fide ; or  Venus  might  be  fometimes  in  oppofition 
to  the  fun,  but  Venus  is  never  feenin  oppofition* 
Therefore,  the  earth  is  on  the  outiide  of  the  orbit 
of  Venus,  and  confequentiy  the  Ptolemaic  fyftem 
is  not  true.  The  fame  is  alfo  true  of  Mercury. 
But  this,  and  fome  other  circumftances  relative 
to  the  motions  of  thefe  planets,  will  be  better  un- 
dcrfiood  by  a planetarium  than  by  any  diagram. 

If  the  earth  is  at  A,  fig.  2,  plate  VII.  when 
Venus  appears  in  any  part  of  the  arc  E x G,  fhe 
is  weftward  from  the  fun,  and  therefore  rifes  be- 
fore him  in  the  morning,  and  is  called  the 
morning  star.  When  flie  appears  anv-where 
in  the  arc  G H E,  flic  is  eaftward  from  the  fun, 
and  therefore  fets  after  him  ; is  feen  in  the  even- 
ing, and  is  then  the  evening  star. 


We 
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We  have  now  to  explain,  why  the  inferior 
planets  appear  to  move  fometimes  in  one  direc- 
tion, fometimes  ih  the  contrary  order,  and  at 
other  times  to  be  llationary.  This  is  eafily  done 
on  the  Copernican  fvftcm,  it  being  the  natural 
rciult  of  the  lcfpeftive  fituations  and  motions  of 
the  earth  and  thefe  planets.  But  on  the  Ptole- 
maic fyhem  it  is  inexplicable,  without  calling  in 
the  aid  of  a very  complicated  hypothecs. 

When  the  inferior  planets  are  palling  from 

fheir  greateft  elongation,  on  one  fide  of  the  fun, 

through  their  fuperior  conjunction,  to  their  great- 

ell  elongation  on  the  other  fide,  their  motion,  as 

viewed  from  the  earth,  is  direct.  In  order  to 

explain  this  propofition,  we  fhall  fir  ft  fuppofe  the 

earth  to  be  at  reft  at  A,  fig.  2,  plate  VII.  and 

correct  this  fuppofition  afterwards,  by  ftiewmg 

that  the  apparent  motion  of  Venus,  or  Mercury* 

fecn  from  the  earth,  is  the  fame  in  this  refped:] 

whether  the  earth  moves  in  it’s  orbit,  or  refts 
at  A. 

Thc  Propo(ltion  to  be  explained  is  this  : that 
as  ^cn "3>  'or  infhmce,  moves  from  x,  it’s 
greateft  elongation  on  one  fide  of  the  fun, 
through  G it's  fuperior  conjunction,  to  H it’s’ 
grcateil  elongation  on  the  other  fide,  it  will  ap- 
pear 
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pear  to  a fpe&ator  upon  the  earth  to  move  from 
weft  to  eaft,  according  to  the  order  of  the  figns  ; 
that  is,  it’s  geocentric  motion  will  be  direct. 

The  planets  move  round  the  fun  from  weft  to 
eaft,  and  confequenuly  if  there  was  a fpe&ator  at 
the  fun,  they  would  appear  to  him  to  move 
through  the  zodiac,  according  to  the  order  of  the 
figns  ; or  in  other  words,  the  heliocentric  motion 
of  Venus  is  direel.  Now  if  the  fun,  and  the 
earth  A,  are  both  on  the  fame  fide  of  the  planer, 
a fpe&ator  at  the  earth  is  in  the  fame  fituation 
with  refpect  to  the  planet  and  it’s  motion,  as  if 
he  had  been  at  the  fun  : for  whilft  the  planet  is 
moving  from  x,  through  G to  H,  a fpeclator 
either  at  A or  S is  on  the  concave  fide  of  the 
planet’s  orbit ; and  confequently  the  planet  will 
appear  to  move  in  the  fame  manner  from  either; 
but  the  apparent  motion  of  the  planet,  when  feen 
from  the  fun,  is  direft,  and  confequently  it’s  mo- 
tion, when  feen  from  the  earth,  will  alfo  be 
dircdl. 

When  Venus  is  at  x,  it  appears  to  a fpe&ator 
©n  the  earth  at  A,  to  be  in  the  line  A x V,  or  is 
feen  among  the  ftars  at  V ; when  Venus  has  mo- 
ved to  K,  it  is  feen  among  the  fixed  ftars  at  P ; 
when  it  has  moved  to  G,  it  is  in  it’s  fuperior  con- 
junction ; 
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jundion;  when  it  has  moved  to  C,  it  appears 
among  the  fixed  ftars  at  R ; and  when  it  is  come 
to  k,  it  appears  among  the  fixed  fiars  at  T- 
Thus  whilft  Venus  has  moved  in  n*s  oibit  from 
x,  it’s  greateft  elongation  on  one  fide  of  the  fun, 
through  G it’s  fuperior  conjunction,  to  H its 
greateft  elongation  on  the  other  fide,  it  appear* 
to  have  dele n bed  the  arc  V P O R T in  the  con- 
cave fphere  of  the  heavens;  but  the  letters  x K 
G C H lie  from  weft  to  eaft,  becaufe  they  lie  in 
the  fame  direction  that  the  planet  moves  round 
the  fun;  and  the  letters  VPQRT  lie  in  the 
fame  direction  with  x K G C H.  Therefore,  as 
the  planet  feems  to  a fpedator  on  the  earth,  to 
deferibe  the  arc  V P O R T,  it’s  apparent  mo- 
tion, feen  from  the  earth,  is  dired,  or  from  weft 
to  eaft. 

t 

As  the  inferior  planets  move  from  their  greateft 
elongation  on  one  fide  of  the  fun,  through  their 
inferior  conjunction,  to  their  greateft  elongation 
on  the  other  fide,  their  geocentric  motion  is 
Retrograde. 

. "W  h i I ft  Venus,  for  inftance,  is  moving  from 
its  greateft  elongation  H,  plate  VII.  fig.  3, 
through  it's  inferior  conjunction  E,  to  it’s  other 
g cateft  elongation  x,  it  appears  to  a fpedator 

2 upon 
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upon  the  earth  at  A,  to  move  backwards,  or 
from  eaft  to  weft,  contrary  to  the  order  of  the 
figns. 

A fpe&ator  at  the  fun  is  on  the  concave  fide  of 
the  planet’s  orbit.  But  whilfi  Venus  is  moving 
from  it’s  greatefi:  elongation  H on  one  fide, 
through  E it’s  inferior  conjunction,  to  x it’s 
greatefi;  elongation  on  the  other  fide,  a fpe&ator 
upon  the  earth  is  on  the  convex  fide  of  it’s 
orbit. 

Therefore,  if  a fpeflatorat  the  fun  S would  fee 
the  planet  move  one  way,  a fpe&ator  at  the  earth 
A will  fee  it  move  the  contrary  way  ; or  the  geo- 
centric motion  will  be  contrary  to  it’s  heliocentric 
motion,  and  therefore  retrograde ; for  as  feen 
from  the  fun,  it’s  motion  is  always  direfh 

That  two  fpeClators,  one  at  the  earth,  the 
other  at  the  fun,  as  they  are  on  contrary  fides  of 
the  arc  H E x,  will  fee  the  planet  apparently 
move  contrary  ways,  may  be  rendered  more  plain 
by  the  following  familiar  coniideration.  If  two 
men  Hand  with  their  faces  towards  each  other, 
and  a ball  is  rolled  along  upon  the  ground,  this 
ball  will  move  from  the  right  hand  of  one  of  the 

men  towards  his  left,  and  from  the  left  hand  of 

the 


ASTRONOMICAL  ESSAYS. 


the  other  towards  his  right.  In  like  manner,  if 
one  man  is  at  the  earth  A,  and  the  other  at  the 
fun  S,  then  whilft  the  planet  is  defcribing  the  arc 
Hex  which  is  between  them,  it  will  appear  to 
move  from  the  right  hand  of  the  man  at  S to- 
wards his  left,  and  from  the  left  hand  oft  he  man 
at  A towards  his  right. 


hilfb  the  motion  of  Venus  is  direct,  or  while 
K is  defcribing  the  arc  x G H,  it  appears  to  move 

f-om  V to  T,  among  the  fixed  liars.  But  after  it 
has  been  carried  in  it’s  orbit  from  H to  Q it  ap 
pears  in  the  line  A z R,  and  is  fcen  among  the 

fixed  liars  at  R.  When  it  comes  to  E,  it  appears 

at  <dj  and  when  at  y,  it's  apparent  place  in  the 
heavens  is  at  P.  Thus  as  the  planet  paffes  from 
it  s greatell  elongation  H on  one  fide  of  the  fun 
through  it’s  inferior  conjunction  E,  toir's  greateft 

elongation  x on  the  other  fide,  it  apparently  run? 
back  from  T to  V. 


Venus  ,s  (lationary,  or  has  no  apparent  motion 

r °m.e  t,mC*  When  “ is  at  it’s  greateft  elonga- 

‘ ^ When  ir  is  at  H or  x,  and  it’s  ap- 
parent  place  is  either  at  T or  V.  ^ 

When  either  of  the  inferior  planets,  Venus  for 
’lance,  „ at  it’s  greateft  elongation  Horx,  a 

K line 


346  ASTRONOMICAL  ESSAYS. 

line  drawn  from  the  earth  through  the  planet,  as 
A H T,  or  A x V,  is  a tangent  to  the  orbit. 
Now  though  a right  line  touches  a circle  but  in 
one  point,  yet  fome  part  of  the  circle  greater  than 
a point  is  fo  near  to  the  tangent,  as  not  to  be  dif- 
tinguifhed  from  it.  Thus  the  arc  b d fo  nearly 
coincides  with  the  tangent  A H 1',  that  a fpe&a- 
tor’s  eye  placed  at  A,  could  not  diftinguilh  the 
tangent  from  this  part  of  the  curve.  Confe- 
quently,  while  the  planet  is  deferibing  this  arc, 
no  other  change  will  be  made  in  it’s  geocentric 
place,  than  if  it  was  to  move  in  the  tangent. 

But  the  geocentric  place  of  the  planet  would 
not  be  altered,  if  the  planet  was  to  move  in  the 
tangent.  For  if  it  was  to  move  from  T towards 
A,  or  from  A to  V,  the  apparent  place  of  it  in  the 
heavens  would  in  one  cafe  be  at  T,  in  the  other 
cafe  at  V.  Therefore,  while  the  planet  is  at  it’s 
greateft  elongation,  and  is  deferibing  a fmall  arc 
in  it’s  orbit,  that  nearly  coincides  with  the  tan- 
gent,  it’s  geocentric  place  does  not  alter,  but  it 
appears  to  continue  for  fome  time  in  the  fame 
part  of  the  heavens,  or  is  flat  ionary. 

We  have  hitherto  fuppofed  the  earth  to  be  at 

reft,  and  upon  that  fuppofition  have  explained- 

the  progrefs  and  regrefs,  the  conjunctions  and 

Nations 
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flations  of  the  inferior  planets.  If  this  fuppofit 
tion  was  true,  V T,  or  the  arc  which  the  planet 
at  any  time  defcribes  in  it’s  progrefs,  and  T V, 
the  arc  which  it  defcribes  in  its  regrefs,  would 
always  be  in  the  fame  part  of  the  heavens.  The 
planet,  when  in  conjunction,  would  always  ap- 
pear at  among  the  fame  fixed  ftars  ; and  at 
it’s  elongation,  or  when  it  is  fiationary,  it  would 
always  appear  among  the  fame  fixed  ftars  T on 
one  fide  of  the  fun,  and  at  V on  the  other  fide. 

But  this  fuppofition  is  not  true ; for  the  earth 
revolves  in  it’s  orbit  ABO  round  the  fun.  Now 
if  the  earth  is  at  A,  the  time  of  either  conjunc- 
tion, the  planet  at  this  conjunction  would  appear 
among  the  fixed  ftars  at  O,  and  the  arcs  of  the 
greateft  elongation  QV  and  QT,  would  be  on 
each  fide  of  thofe  ftars.  But  if  the  earth  is  at  B, 
at  the  time  of  either  of  the  conjunctions,  then  at 
the  time  of  this  conjunction,  the  planet  will  ap- 
pear in  the  line  B S t,  and  be  feen  among  the 
fixed  ft  ars  at  T,  and  the  arcs  of  the  greateft  elon- 
gation will  be  on  each  fide  of  rhefe  ftars,  that  is, 
the  conjunctions  and  elongations  will  happen  in  a 
different  part  of  the  heavens,  when  the  earth  is 
at  B,  from  what  they  happen  when  the  earth  is  at 
A ; in  other  refpects,  the  foregoing  phenomena 
>vili  be  much  the  fame,  notwithftanding  the  mo- 

IC  2 
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tion  of  the  earth,  only  the  planet  will  be  more 
direct  in  the  fartheft  part  of  the  orbit,  and  lefs 
retrograde  in  the  neareff. 

The  inferior  planets  always  appear  very  near 
the  fun  ; but  by  the  motion  of  the  earth  in  it’s 
orbit,  the  fun  appears  in  different  parts  of  the 
heavens,  in  different  times  of  the  year.  There- 
fore, the  inferior  planets,  as  they  are  always  very 
near  the  fun,  will  alfo  appear  indifferent  parts  of 
the  heavens,  at  different  times  of  the  year.  And 
confequently,  their  conjunctions  and  greateft 
elongations  will  fometimes  happen  when  they  are 
in  one  part  of  the  heavens,  and  fometimes  when 
they  are  in  another  part.  Venus  feen  from  the 
earth,  will  appear  to  vibrate  in  an  arc  V T,  half 
of  which  is  on  one  fide  of  the  fun’s  apparent 
place,  and  half  on  the  other  fide. 

t 

When  an  inferior  planet,  viewed  from  a fupe- 
rior,  moves  apparently  retrograde,  the  fuperior 
planet  has  alfo  an  apparently  retrograde  motion. 

When  a fuperior  planet,  view  ed  from  an  infe- 
rior, appears  ffationary,  the  inferior  planet  viewed 
at  the  fame  time  from  the  luperior,  is  alfo* 
ffationary. 


There 
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~ There  is  alfo  another  particular  to  be  taken 
notice  of,  with  regard  to  the  apparent  motion  of 
the  inferior  planets,  viz.  that  they  do  not  feem  to 
deferibe  the  ecliptic  in  the  heavens  as  the  fun 
docs,  but  are  obferved  to  be  fometimes  above, 
and  fometimes  below  it.  The  reafon  of  this  is, 
that  their  orbits  are  inclined  to  the  plane  of  the 
earth’s,  having  one-half  above  it,  and  the  other 
below  it,  on  which  account  they  interfed  the  * 
plane  of  the  ecliptic,  in  a plane  that  paffes  through 
the  center  of  the  fun  ; this  line  is  called  the  line 
of  the  nodes.  Thefe  planets,  therefore,  never 
appear  in  the  ecliptic,  except  when  they  are 
in  their  nodes ; in  all  other  parts  of  their  orbit 
they  feem  to  be  more  or  lefs  diftant  from  it,  ac- 
cording as  they  are  fituated  with  refped  to  them 
and  the  earth. 


. The  diftance  of  a planet  from  the  ecliptic,  as 
it  would  appear  if  feen  from  the  center  of 'the 
earth,  is  called  its  geocentric  latitude;  as  it 
would  appear  from  the  center  of  the  fun,  is  called 
it’s  heliocentric  latitude. 

Cl  TIIE  superior  Planets. 

We  have  already  obferved,  that  the  greatefl 
g<nion  of  either  of  the  inferior  planets  is  lefs 
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than  90  degrees,  or  a quarter  of  a circle  ; fo  that 
they  are  never  far  from  the  fun,  but  conftantly 
attend  it.  But  the  fuperior  planets  do  not  always 
accompany  the  fun,  as  we  have  fhewn  that  tue 
inferior  ones  do  ; they  are  indeed  fometimes  in 
conjunction  with  it,  but  then  they  are  alfq  fome- 
times in  oppoftion  to,  or  180  degrees  fiom  it. 

Let  S,  fig.  3,  plate  VII.  be  the  fun  ; A B C D 
the  orbit  of  any  fuperior  planet.  Mars,  for  in- 
fiance ; E F G the  earth's  orbit.  If  the  earth  bp 
at  E,  the  fun  at  S,  and  the  planet  at  D,  the  fun 
and  the  planet  will  be  both  on  the  fame  fide  of 
the  earth,  and  confequently  the  planet  will  ap- 
pear in  conjunction  with  the  fun  ; but  as  the  orbit 
of  the  earth  is  between  the  fun  and  the  01  bit  of  a 
fuperior  planet,  it  is  polfible  for  the  earth  to  be 
between  the  fun  and  the  planet.  In  this  fitua- 
tion  the  planet  and  the  fun  are  on  oppofite  fides 
of  the  earth,  or  the  planet  is  in  oppofition ; thus, 
if  when  the  earth  is  at  E,  Mars  be  at  A,  he  is 
then  in  oppofition  to  the  fun. 

A fuperior  planet  is  in  quadrature  with  the  fun, 

when  it’s  geocentric  place  is  90  degrees  irom  the 
geocentric  place  of  the  fun  ; thus  if  the  earth  be 

E and  Mars  at  B or  C,  he  is  in  quadrature 

with 
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with  the  fun  ; for  the  lines  A E,  E B,  form  a 
right  angle,  as  do  alfo  the  lines  E A,  EC. 

As  the  earth  goes  round  the  fun  in  lefs  time, and 

/ 

in  a lefs  orbit  than  any  of  the  fuperior  planets,  it 
will  not  be  amifs  to  fuppofe  a fuperior  planet  to 
Band  Bill  in  fome  part  of  it’s  orbit,  while  the 
earth  goes  once  round  the  fun  in  her’s,  and  con- 
fide.r  the  appearances  the  planets  would  then 
have,  which  are  thefe : i.  While  the  earth  is  in 
her  mod:  didant  femicircle,  the  apparent  motion 
;of  the  planet  would  be  diredt.  2.  While  the 
earth  is  in  her  neared  femicircle,  the  planet 
would  be  retrograde.  3.  While  the  earth  is  near 
the  points  of  contact  of  a line  drawn  from  the 
planet,  fo  as  to  be  a tangent  to  the  earth’s  orbit, 
the  planet  would  be  dationary. 

Let  A B C D E F G H,  plate  VIII.  fig.  1,  be 
the  orbit  of  the  earth,  S the  fun,  P Q^O  the 
orbit  of  Mars,  LMNT  an  arc  of  the  ecliptic. 
Let  us  fuppofe  the  planet  Mars  to  continue  at  P, 
while  the  earth  goes  round  in  her  orbit,  according 
to  the  order  of  the  letters  ABC,  &c.  A B C D 
E F G H may  be  confidered  as  fo  many  dations, 
from  whence  an  inhabitant  of  the  earth  would 
view  Mars  at  different  times  of  the  year  ; and  if 
'-uait  lines  be  drawn  from  each  of  thefe  dations, 

L ^ through 
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through  Mars  at  P,  and  continued  to  the  ecliptic, 
they  will  point  out  the  apparent  place  of  Mars, 
at  thefe  different  Nations. 

Thus  fuppofing  the  earth  at  A,  the  planet  will 
be  fecn  among  the  liars  at  L ; when  the  earth  is 
arrived  at  B,  the  planet  will  appear  at  M ; and 
in  the  fame  manner  when  at  C D and  E,  it  will 
be  feen  arpong  the  Ears  at  N R T;  therefore, 
while  the  earth  moves  over  the  large  part  of  the 
orbit  ABODE,  the  planet  will  have  an  apparent 
motion  from  L to  T,  and  this  motion  is  from 
vveE  to  eaE,  or  the  fame  way  with  the  earth  ; and 
the  planet  is  faid  to  move  direct,  or  according  to 
the  order  of  the  figns.  When  the  earth  is  near 
to  A and  E,  the  point  of  contact  of  the  tangent 
to  the  earth’s  orbit,  the  planet  will  be  Eationary 
for  a fhort  fpace  of  time. 

When  the  earth  moves  from  E to  H,  the  pla-* 
net  feems  to  return  from  T to  N ; and  while  it 
moves  from  H to  A,  it  will  be  retrograde  to  L, 
where  it  will  again  be  Eationary  : and  Ence  the 
part  of  the  orbit  which  the  earth  deferibes  in 
palling  from  A to  E,  is  much  greater  than  the 
part  E H P,  though  the  fpace  T L which  the 
planet  deferibes  in  direcE  and  retrograde  motion 

is  the  fame,  the  dirccE  motion  from  L to  T mull 

be 
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jbemuch  flower  than  the  retrograde  motion  from 
T to  L. 

When  the  earth  is  at  C,  a line  drawn  from  C 
through  S and  P to  the  ecliptic,  fliews  that  Mars 
is  then  in  conjunction  with  the  iun.  But  when 
the  earth  is  at  fT,  a line  drawn  from  PI  throup'h 
P,  and  continued  to  the  ecliptic,  would  termi- 
nate in  a point  oppofjte  to  S ; that  is,  in  this 
fituation  Mars  would  be  in  oppofltion  to  the  fun. 
Phus  it  appears  that  the  motion  of  IMars  is  dirccT 
when  in  conjunction,  and  retrograde  when  in 
qppofition. 

The  retrograde  motions  of  the  fuperior  planets 
happen  oftener,  the  flower  their  motions  are  ; as 
the  retrograde  motion  of  the  inferior  planets  hap- 
pen oftener,  the  fwifter  their  angular  motions. 
Becaufe  the  retrograde  motions  of  the  fuperior 
planets  depend  upon  the  motions  of  the  earth  ; 
but  thole  of  the  inferior  on  their  own  angular 
motion.  A fuperior  one  is  retrograde  once  in 
each  revolution  of  the  earth  ; an  inferior  one  in 
every  revolution  of  it’s  own. 

» i 

The  fuperior  planets  are  fometimes  nearer  the 
earth  than  at  other  times  ; they  alfo  appear  larger, 
pr  fmaller,  according  to  their  different  diftances 

from 
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from  us.  Thus  fuppofe  the  earth  to  be  at  C ; if 
Mars  be  at  P,  he  is  the  whole  diameter  of  the 
earth’s  orbit  nearer  to  us,  than  if  he  were  at  V, 
and  confequently  his  dife  muft  appear  larger  at  V 
than  it  would  at  P;  in  other  places,  the  didances 
of  Mars  from  the  earth  are  intermediate. 

The  diameter  of  the  earth’s  orbif  bears  a 
greater  ratio  to  the  diameter  of  the  orbit  of  Mars, 
than  it  does  to  the  diameter  of  the  orbit  of  Jupi- 
ter ; and  a greater  to  that  of  Jupiter,  than  of 
Saturn  ; and  confequently  the  difference  between 
the  greated  and  lead  apparent  diameters  is 
greater  in  Mars  than  in  Jupiter,  and  greater  in 
Jupiter  than  in  Saturn. 

The  fuperior,  like  the  inferior  planets,  do  not 
always  appear  in  the  ecliptic,  their  orbits  being 
inclined  alfo  to  that  of  the  earth  ; one-half  is 
therefore  above  the  ecliptic,  the  other  half  below 
it,  nor  arc  they  ever  feen  in  it  but  when  they  are 
in  their  nodes. 

If,  therefore,  two  planets  happen  to  be  in  con- 
junction, at  the  time  they  come  near  the  node  of 
one  of  them,  they  would  be  feen  from  the  fun 

v •’ 

apparently  to  touch  one  another  ; and  the  farthed; 
of  thofe  planets  from  the  fun,  would  fee  the 

neared 
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neareft  moving  over  the  face  of  the  fun,  like  a 
black  fpot,  being  then  directly  between  the  fun 
and  the  remoter  planet.  So  the  planet  Venus 
was  obferved  from  the  earth,  in  the  tranfits  of  the 
years  1761,  and  1769.  Alfo,  fhould  an  oppo- 
lition  of  two  planet?  happen  near  a node  of  one 
of  them,  the  fun  being  then  diredlly  between 
them,  would  hide  the  light  of  one  from  the 
other. 

That  the  Planets  are  opajce  Bodies,  and 

DERIVE  THEIR  LlGHT  FROM  THE  Sun. 

That  the  planets  are  all  opake,  or  dark  bodies, 
and  confequently  fhine  only  by  the  light  they  re- 
ceive from  the  fun,  is  plain,  becaufe  they  are  not 
vifible  when  they  are  in  fuch  parts  of  their  orbits 
as  are  between  the  fun  and  earth,  that  is,  when 
their  illuminated  lide  is  turned  from  us. 

« < i 

The  fun  enlightens  only  half  a planet  at  once $ 
the  illuminated  hemifphcre  is  always  that  which 
is  turned  towards  the  lun,  the  other  hcmifphere 
of  the  planet  is  dark.  To  fpeak  with  accuracy, 
the  fun  being  larger  than  any  of  the  planets,  will 
illuminate  rather  more  than  half;  but  this  differ- 
ence, on  account  ol  the  great  di dance  of  the  fug 
from  any  of  the  planets,  is  fo  great,  that  it’s  light 

may 
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may  be  confidered  as  coming  to  them  in  lines 
phylically  parallel. 

Like  other  opake  bodies,  they  caft  a fhadow 
behind  them,  which  is  always  oppollte  to  the  fun. 
The  line  in  the  planet’s  body,  which  diftinguifhes 
the  lucid  from  the  obfcure  part,  appears  fome- 
times  lira  it,  fornetimes  crooked.  'I'he  convex 
part  of  the  curve  is  fornetimes  towards  the  fplen- 
d id,  and  the  concave  towards  that  which  is  ob- 
fcure, and  vice  verfa,  according  to  the  fituation 
of  the  eye  with  refpecl  to  the  planet,  and  of  the 
fun  which  enlightens  the  planet. 

Hence  the  inferior  planets  going  round  the  fun 
in  lefs  orbits  than  our  earth  does,  will  fornetimes 
have  more,  fornetimes  lefs  of  their  illuminated 
fide  towards  us ; and  as  it  is  the  illuminated  part 
only  which  is  vifible  to  us,  Mercury  and  Venus 
will,  through  a good  telefcope,  exhibit  the  feve- 
rai  appearances  of  the  moon,  from  a fine  thin, 
crefcent  to  the  enlightened  hemifphere. 

If  we  view  Venus  through  a telefcope,  when 
(lie  follows  the  fun’s  rays  on  the  eaflcrn  fide,  and 
appears  above  the  horizon  after  fun-fet,  we  fhall 
fee  her  appear  nearly  round,  and  but  fmall ; file 
is  at  that  time  beyond  the  fun,  and  prefents  to  us 


an 


astronomical  essays. 


1 57 

an  enlightened  hemifphere.  As  die  departs  from 
the  fun  towards  the  ead,  (lie  augments  in  her 
apparent  lize ; and  on  viewing  her  through  a 
teldcope,  is  icon  to  alter  her  figure,  abating  of 
her  apparent  roundnefs,  and  appearing  foo 
ceffively  like  the  moon,  in  the  different  ftages  of 
her  decrcafe.  At  length,  when  (he  is  at  her 
greateft  elongation,  fhe  is  like  the  moon  in  her 
in  It  quarter,  and  appears  as  fhe  does  when  from 
a full  die  has  decreafed  to  half  a moon. 

After  this,  as  die  approaches  (in  appearance) 
to  the  fun,  die  appears  concave  in  her  illumina- 
ted part,  as  the  moon  when  die  forms  a crefcent  j 
thus  fhe  continues  till  die  is  hid  entirely  in  the 
fun's  rays,  and  prefents  to  us  her  whole  dark 
hemifphere,  as  the  moon  docs  in  her  conjundion, 
no  part  of  the  planet  being  then  vidble. 

After  this,  when  die  departs  out  of  the  fun  s 
rays  on  the  wedern  fide,  we  fee  her  in  the  morn- 
ing, jud  before  day-break.  It  is  in  this  dtuation 
that  Venus  is  called  the  morning  dar,  as  in  the 
other  die  is  called  the  evening  dar.  She  at  this 
time  appears  very  beautiful,  like  a fine  thin  cred- 
ent; jud  a verge  of  diver  light  is  feen  on  her 
c go.  biom  this  period  die  grows  more  and 
ore  enlightened  every  day,  till  die  is  arrived  at 
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her  greateft  digreffion  or  elongation,  when  Hie 
again  appears  as  a half  moon,  or  as  the  moon  in 
her  firlt  quarter ; from  this  time,  if  continued  to 
be  viewed  with  a telefcope,  fhe  is  found  to  be 
more  and  more  enlightened,  though  fhe  is  all  the 
while  decreafing  in  magnitude,  and  thus  con- 
tinues growing  fmaller  and  rounder,  till  fhe  is 
again  hid  or  loft  in  the  fun’s  rays. 

Fig.  i and  2,  plate  IX.  reprefents  the  orbits 
of  Venus  and  the  earth,  with  the  fun  in  the  cen- 
ter of  them.  The  planet  Venus  is  drawn  in  eight 
different  fituations,  with  it’s  illuminated  hemi- 
fpheres  towards  the  fun.  If  we  fuppofc  the  earth 
to  be  at  T,  when  Venus  is  at  A,  her  dark  hemi- 
fphere  is  towards  the  earth,  and  fhe  is  therefore 
inviftble,  except  the  conjunction  happens  in  her 
node,  for  then  fhe  appears  like  a dark  fpot  upon 
thedife  of  the  fun.  When  Venus  is  at  B,  a lit- 
tle of  her  enlightened  fide  is  turned  towards  the 
earth,  and  therefore  fhe  appears  fharp  horned  ; 
when  flue  is  at  C,  half  her  enlightened  hemifphere 
is  turned  towards  the  earth,  and  fhe  appears  like' 
an  half  moon  ; at  D,  more  than  half  her  enlight- 
ened hemifphere  is  towards  us,  and  fhe  appears 
like  the  moon  about  three  days  before  it  is  full ; 
at  E,  the  whole  enlightened  hemifphere  is  to- 
wards the  earth,  Venus  is  then  either  behind  the 

fun. 
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fun,  or  fo  very  near  him,  that  Hie  can  hardly  be 
feen ; but  if  fhe  could,  (lie  would  appear  round, 
like  the  full  moon.  At  F fhe  is  like  the  moon 
three  days  after  the  full ; at  G like  a half  moon 
again  ; at  H like  a crefcent,  with  the  points  of 
the  horns  turned  the  contrary  way  to  what,  they 
were  at  B.  All  this  is  equally  applicable  to 
Mercury. 

Fig.  2,  plate  VII.  exhibits  the  feveral  appear-* 
ances  of  Venus,  correfponding  to  their  feveral 
htuations  in  the  foregoing  figure ; thus  when 
Venus  is  at  A,  fig.  i,  fine  is  quire  dark,  as  at  A, 
fig.  2 ; when  fhe  is  at  B,  fig.  r,  fhe  appears  as 
at  B,  fig.  2,  &c. 

The  inferior  planets  do  not  fliine  brighteft 
when  they  are  full ; thus  Venus  does  not  appear 
brighteft  in  her  fuperior  conjunction,  though  her 
illuminated  hemilphere  be  then  turned  towards 
us.  Her  fplendor  is  more  diminifhed  by  her 
being  at  a greater  diftance  from  us,  than  the  con- 
fpicuous  part  of  her  illuminated  difc  is  increafed. 
Dr.  Halley  has  fhewn,  that  Venus  is  brighteft 
when  her  elongation  from  the  fun  is  about  40 
degrees.  Mercury  is  in  his  greateft  brightnefs, 
when  very  near  his  utmoft  elongation. 


The 
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The  fuperior  planets  going  round  the  fun  in 
larger  orbits  than  the  earth,  always  turn  much 
the  greater  part  of  their  enlightened  hemifphere 
towards  it,  and  therefore  appear  round,  like  the 
full  moon,  except  Mars,  who  fometimes  appears 
like  the  moon  at  a little  diflance  from  the  full. 

Jupiter  and  Saturn  are  fo  remote,  that  they 
turn  very  nearly  the  fame  hemifphere  towards  us 
that  they  do  towards  the  fun  ; for  which  reafon, 
thofe  planets  always  appear  round  through  the 
telefcope. 


Of  the  Moon's  Motion. 

It  has  been  already  obferved,  that  four  of  the 
primary  planets,  the  earth,  Jupiter,  Saturn,  and 
the  Georgium  Sidus,  are,  in  their  revolutions 
round  the  fun,  attended  by  fecondary  planets. 
As  the  moon  turns  round  the  earth,  enlighten- 
ing  our  nights,  by  reflecting  the  light  fhe  receives 
from  the  fun,  fo  do  the  other  fatellites  enlighten 
the  planets  to  which  they  belong,  and  move 
round  thofe  planets  at  different  periods  of  time, 
proportioned  to  their  feveral  diftances  ; and  as 
the  moon  keeps  company  with  this  earth,  in  it’s 
annual  revolution  round  the  fun,  fo  do  they  feve- 
rally  accompany  the  planets  to  which  they  belong 

in 
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in  their  feveral  courfes  round  that  luminary. 

We  fhall  fpeak  here  only  of  the  moon,  which 
of  all  the  heavenly  bodies,  excepting  the  fun,  is 
the  mo  ft  fplcndid  and  brilliant,  the  infoperable 
companion  and  attendant  of  our  earth. 

If  We  imagine  the  plan?  of  the  moon’s  orbit  to 
be  extended  to  the  fphere  of  the  heaven,  it  would 
mark  therein  a great  circle,  which  may  be  called 
the  moon’s  apparent  orbit ; becaufe  the  moon 
appears  to  the  inhabitants  of  the  earth  to  move  in 
that  circle,  through  the  twelve  figns  of  the  zodiac, 
in  a periodical  month. 


Thus  let  E F G H I,  fig.  3,  plare  XI.  be  the 
orbit  of  the  earth,  S the  fun,  a b c d the  orbit  of 
the  moon,  when  the  earth  is  at  E : let  A B C D 
be  a great  circle  in  the  fphere  of  the  heaven,  in 
the  fame  plane  with  the  moon’s  orbit.  The 
moon,  by  going  round  her  orbit  according  to  the 
order  of  letters,  appears  to  an  inhabitant  of  the 
earth  to  go  round  in  the  great  circle  A B C D 
according  to  the  order  of  thofe  letters  : for  when 
the  moon  is  at  a,  feen  from  the  earth  at  E,  foe 
appears  at  A ; when  the  moon  is  got  to  b,  foe 
appears  at  B ; when  to  c,  foe  will  appear  at  C; 

L when 
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when  arrived  at  d,  {he  will  appear  at  D.  It  h 
true,  when  the  moon  is  at  b,  the  vifual  line 
drawn  from  E,  through  the  moon,  terminates  in 
L ; as  it  does  in  M,  when  the  moon  is  at  d ; 
but  the  lines  L M and  D B being  parallel,  and 
not  farther  diftant  from  each  other  than  the  dis- 
tance of  the  earth’s  orbit,  areas  to  fenfe  coinci- 
dent, their  diflance  meafured  in  the  fphere  of  the 
heaven  is  infenfible  ; for  the  fame  reafon,  though 
the  earth  moves  from  E to  h,  in  the  time  that  the 
moon  goes  round  her  orbit,  fo  that  at  the  end  of 
a periodical  month  the  moon  will  be  at  a,  and  is 
feen  from  the  earth  at  F,  in  the  line  FN;  the 
moon  will,  notwithstanding,  appear  at  A,  the 
lines  F N and  E A being  parallel,  and  as  to  lenfe 
coincident : in  like  manner,  in  whatever  part  of 
her  orbit  the  earth  is,  as  at  H or  I,  the  moon, 
by  going  round  in  her  orbit,  will  appear  to  an 
inhabitant  of  the  earth  to  go  round  in  the  great 

circle  A B C D. 

/ 

The  plane  of  the  moon  s orbit  extended  in  the 

heavens,  cuts  the  ecliptic  in  two  oppofite  points. 

The  two  points  where  the  moon  s apparent  01  bit 

thus  cuts  the  ecliptic,  are  called  the  moon’s 

nodes.  The  point  where  the  moon  appears  to 

crofs  the  ecliptic,  as  lhe  goes  into  north  latitude, 

is  called  the  moon’s  afeending  node,  of  which 

this 
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this  is  the  chara&er  £>  ; the  point  where  the  moon 
goes  into  fouth  latitude  is  her  defcending  node, 
and  is  marked  thus  IS  ; the  moon’s  amending 
node  is  often  called  the  dragon’s  head  ; her  de- 
fcending node  is  called  the  dragon’s  tail.  The 
line  of  the  moon’s  node  is  a line  drawn  from  one 
node  to  the  orher.  The  moon,  therefore,  ap- 
pears in  the  ecliptic  only  when  flic  is  in  one  of 
her  nodes  ; in  all  other  parts  of  her  orbit  fhe  is 
either  in  north  or  fouth  latitude,  fometimes  near- 
er to,  fometimes  further  removed  from  the  eclip- 
tic, according  as  fhe  happens  to  be  more  or  Ids 
dilfant  from  the  nodes. 

/ , 

The  extremities  of  the  line  of  the  nodes  are  not 
always  dire&ed  towards  the  fame  points  of  the 
ecliptic,  but  continually  ftiift  their  places  from 
eaft  to  weft,  or  contrary  to  the  order  of  the  fig  ns, 
performing  an  entire  revolution  about  the  earth, 
in  the  fpace  of  fomething  lefs  than  nineteen 
years. 

Vv  hen  the  place  in  which  the  moon  appears  tc 
an  inhabitant  of  the  earth,  is  the  fame  with  the 
fun  s place,  (lie  is  laid  to  be  in  conjunction. 
When  the  moon’s  place  is  oppofite  to  the  fun’s 
place,  flie  is  laid  to  be  in  opposition.  When 
the  is  a quarter  of  a circle  diftant  from  the  fun, 

L 2 
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fhe  is  faid  to  be  in  quadrature.  Both  the  con- 
junction and  oppofition  of  the  moon  are  termed 

SYZGIES. 

The  common  lunar  month,  or  the  time  that 
pafles  between  any  new  moon  and  the  next  that 
follows  it,  is  called  a synodical  month,  or  a 

LUNATION. 

A periodic  month  is  the  time  the  moon  takes 
up  to  defcribe  her  orbit ; or  in  other  words,  the 
time  in  which  the  moon  performs  one  entire  revo- 
lution about  the  earth,  from  any  point  in  the 
Zodiac  to  the  fame  again. 

If  the  earth  had  no  revolution  round  the  fun, 
or  the  fun  no  apparent  motion  in  the  ecliptic, 
the  periodical  and  fynodical  month  would  be  the 
fame  j but  as  this  is  not  the  cafe,  the  moon  takes 
up  a longer  time  to  pafs  from  one  conjunction  to 
the  next,  than  to  defcribe  it  s whole  01  bit ; or  the 
time  between  one  new  moon  and  the  next  is  lon- 
ger than  the  moon’s  periodical  time.  The 
difference  between  thofe  two  months  is  about 

2 days,  5 hours. 

The  moon  revolves  round  the  earth  from  weft 

to  eaft,  and  the  fun  apparently  revolves  round  the 
-*  ■ , earth 
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earth  the  fame  way.  Now  at  the  new  moon,  or 
when  the  fun  and  moon  are  in  conjunction,  they 
both  fet  out  from  the  fame  place,  to  move  the 
fame  way  round  the  earth  ; but  the  moon  moves 
much  fafter  than  the  fun,  and  confequently  will 
overtake  it ; and  when  the  moon  does  overtake 
Jt,  it  will  be  a new  moon  again. 

If  the  fun  had  no  apparent  motion  in  the  eclip- 
tic, the  moon  would  come  up  to  it,  or  be  in  con- 
junction agam,  aiter  it  had  gone  once  round  in 
it  s oroit ; but  as  the  fun  moves  forward  in  the 
ecliptic,  whilft  the  moon  is  going  round,  the 
moon  muft  move  a little  more  than  once  round, 
before  it  comes  even  with  the  fun,  or  before  it 
comes  to  conjunction.  Hence  it  is  that  the  time 
between  one  conjunction,  and  the  next  in  fuc- 
ceflion,  is  fomething  more  than  the  time  the 
moon  .takes  up  to  go  once  round  it’s  orbit ; or  a 
fynodicai  month  is  longer  than  a periodical  one. 

In  %•  3>  ptefe  IX.  let  S be  the  fun,  C F a 
part  of  the  earth  s orbit,  M D a diameter  of  the 
moons  orbit  when  the  earth  is  at  A,  and  m d 
•mother  diameter  parallel  to  the  former,  when  the 
earth  is  at  B.  Whilft  the  earth  is  at  A,  if  the 
moon  be  at  D,  (he  will  be  in  conjunction ; and 
the  earth  w as  to  continue  at  A,  when  the  moon 

L 3 had 
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had  gone  once  round  it’s  orbit,  from  D through 
M,  fo  as  to  return  to  D again,  it  would  again  be 
in  conjunction.  Therefore,  upon  the  fuppofition 
that  the  earth  has  no  motion  in  it’s  orbit,  the  pe- 
riodical and  fynodical  months  would  be  equal  to 
one  another.  But  as  the  earth  does  not  continue 
at  A,  it  will  move  forwards  in  it’s  orbit,  during 
the  revolution  of  the  moon  from  A to  B ; and  as 
the  moon's  orbit  moves  v.  ith  it,  the  diameter  M 
D will  then  be  in  the  pofition  m d ; therefore, 
when  the  moon  has  defended  it’s  orbit,  it  will 
be  at  d in  this  diameter  md  ; but  if  the  moon  is 
at  d,  and  the  fun  at  S,  the  moon  will  not  be  in 
conjunction,  confequentiy  the  periodical  month 
is  completed  before  the  fynodical.  The  moon, 
in  order  to  come  to  conjunction,  when  the  earth 
is  at  B,  mu  ft  be  at  e,  in  the  diameter  e f ; or  be- 
fides  going  once  round  in  it’s  orbit,  it  muft  alfo 
deferibe  the  arc  d e.  The  fynodical  month  is, 
therefore,  longer  than  the  periodical,  by  the  time 
the  moon  takes  up  to  deferibe  the  arc  d e. 

This  may  be  alfo  explained  in  another  manner, 
by  confidering  the  motion  of  the  fun  ; a view  of 
the  fubject,  that  may  render  it  more  eafy  to  fome 
young  minds  than  the  foregoing.  Thus  let  us 
fuppofe  the  earth  at  reft  at  E,  fig.  4,  plate  IX. 
M the  moon  in  conjunction  with  the  fun  at  S, 

while 
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while  the  moon  deferibes  her  orbit  A B C'  about 
the  earth  at  E,  let  the  fun  advance  by  his  appa- 
rent annual  motion  from  S to  D.  It  is  plain 
that  the  moon  will  not  come  in  conjunction  with 
the  fun  again,  till,  behdes  defenbing  her  orbit, 
ihe  hath  deferibed,  over  and  above,  the  arch 
M F,  corresponding  to  the  arch  S D. 

As  the  moon  goes  round  the  earth  in  a much 
Enaller  orbit  than  that  in  which  the  earth  re- 
volves round  the  fun,  fometimes  more,  fome- 
times lefs,  and  fometimes  no  part  of  her  enlight- 
ened half  will  be  tow  ards  us  j hence  the  different 
phafes  and  appearances  of  the  moon. 

The  full  moon,  or  opposition,  is  that  hate  in 
which  her  whole  difk  is  enlightened,  and  we  fee 
it  all  bright,  and  of  a circular  figure.  The  new 
moon  is  w hen  (he  is  in  conjunction  with  the  fun  ; 
in  this  Slate,  the  whole  Surface  turned  towards  us 
is  dark,  and  Ihe  is  therefore  invifible  to  us. 

The  firfi  quarter  of  the  moon  file  appears  in 
the  form  ol  a femicircle,  whofe  circumference  is 
turned  towards  the  welt.  At  the  lafi  quarter,  Ihe 
appears  again  under  the  form  of  a femicircle,  but 
with  the  circumference  turned  towards  the  eaft. 

L4 
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Thefe  phafcs  may  be  illufl  rated  in  a very  plea- 
fing  manner  ro  the  pupil,  by  expofing  an  ivory 
ball  to  the  fun,  in  a variety  of  pofitions,  by  which 
it  may  p re  lent  a greater  or  fmaller  part  of  it’s 
illuminated  fur  face  to  the  obferver.  If  it  be  held 
nearly  in  oppofition,  fo  that  the  eye  of  the  obfer- 
ver may  be  almoft  immediately  between  it  and 
the  fun,  the  greateil  part  of  the  enlightened  fide 
will  be  feen ; but  if  it  be  moved  in  a circular 
orbit,  towards  the  fun,  the  vifible  enlightened 
part  will  gradually  decreafe,  and  at  laid  difappear, 
when  the  ball  is  held  dire&ly  towards  the  fun. 
Or  to  apply  the  experiment  more  immediately  to 
our  purpofe  ; if  the  ball,  at  any  time  when  the 
fun  and  moon  are  both  vifible,  be  held  diredtly 
between  the  eye  of  the  obferver  and  the  moon, 
that  part  of  the  ball  on  which  the  fun  fhines,  will 
appear  exactly  of  the  fame  figure  as  the  moon 
it  f elf. 

The  phafes  of  the  moon,  like  thofe  of  Venus, 
may  alfo  be  iliuff rated  by  a diagram  ; thus  in  fig. 
i,  plate  XI.  let  S be  the  fun,  T the  earth,  ABC 
P E F G H the  orbit  of  the  moon.  The  firfl 
cbfervation  to  be  deduced  from  this  figure,  is, 
that  the  half  of  the  earth  and  moon  which  is  to- 
wards the  fun,  is  wholly  enlightened  by  it;  and 
the  other  half,  which  is  turned  from  it,  is  totally 

dark. 
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dark.  When  the  moon  is  in  conjunct  ion  with 
the  fun  at  A,  her  enlightened  hemilphere  is 
turned  towards  the  fun,  and  the  dark  one  to- 
wards the  earth  ; in  which  cafe,  we  cannot  fee 
her,  and  it  is  faid  to  be  new  moon.  When  the 
moon  has  moved  from  A to  B,  a fmall  portion 
a b of  her  enlightened  hemifphere  will  be  turned 
towards  the  earth  ; which  portion  wnl  appear  of 
the  form  reprefented  at  B,  fig.  2,  plate  XI.  (a 
figure  which  exhibits  the  phafes  as  they  appear  to 
us). 

As  the  moon  proceeds  in  her  orbit,  according 
to  the  order  of  the  letters,  more  and  more  of  her 
enlightened  part  is  turned  towards  the  earth. 
When  file  arrives  at  C,  in  which  pofition  fhe  is 
faid  to  be  in  quadrature,  one-half  of  that  part  to- 
wards the  earth  is  enlightened,  appearing  as  at  C 
among  the  phafes ; this  appearance  is  called  a 
half  moon.  When  (lie  comes  to  D,  the  greateft 
part  of  that  half  which  is  towards  us  is  enlight- 
ened ; the  moon  is  then  faid  to  be  gibbous,  and 
of  that  figure  which  is  feen  at  D,  in  fig.  2. 

# 

When  the  moon  comes  to  E,  fhe  is  in  oppo- 
fuion  to  the  fun,  and  confequently  turns  all  her 
illuminated  furface  towards  the  earth,  and  fhines 
'Vlth  a face,  for  which  reafon  fhe  is  called  a 

full 
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full  moon.  As  fhe  pafTes  through  the  other  half 
of  her  orbit,  from  E by  F G,  and  H to  A again, 
ftie  puts  on  the  fame  faces  as  before,  but  in  a 
contrary  order  orpofition. 

As  the  moon,  by  reflected  light  from  the  fun, 
illuminates  the  earth,  fo  the  earth  docs  more  than 
repay  her  kindnefs,  in  enlightening  the  furface  of 
the  moon,  by  the  fun’s  reflex  light,  which  flic 
diffufes  more  abundantly  upon  the  moon,  than 
the  moon  does  upon  us;  lor  the  furface  of  the 
earth  is  contidcrably  greater  than  that  of  the 
moon,  and  confequcntly  if  both  bodies  reflect 
light  in  proportion  to  their  lize,  the  earth  will 
reflect  much  more  light  upon  the  moon,  than  it 
receives  from  it. 

In  newT  moon,  the  illuminated  fide  of  the  earth 
is  fully  turned  towards  the  moon,  and  the  Luna- 
rians will  have  a full  earth,  as  we,  in  a fimilar 
pofition,  have  a full  moon.  And  fiom  thence 
arifes  that  dim  light  which  is  obferved  in  the  old 
and  new  moons,  whereby,  befidesthe  bright  and 
finning  horns,  we  can  perceive  the  reft  of  her 
body  behind  them,  though  but  dark  and  obfcuie. 
Now  when  the  moon  comes  to  be  in  oppofition 
to  the  lun,  the  earth,  feen  from  the  moon,  will 
appear  in  conjunction  with  him,  and  us  uaik 
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fide  will  be  turned  towards  the  moon,  in  which 
poiition  the  earth  will  be  inedible  to  the  Luna- 
rians ; alter  tins,  the  < mb  will  appear  to  them 
as  a crefcent.  In  a word,  the  earth  exhibits  the 
fame  appear  ance  to  the  inhabitants  of  the  moon, 
that  the  moon  dues  to  us. 

1 he  moon  turns  about  it’s  own  axis  in  the 
fame  time  that  it  moves  round  the  earth  ; it  is  on 
th  s account  that  ine  always  prefents  the  lame  face 
to  us  : for  by  this  motion  round  her  axis,  fine 
turns  juft  fo  much  of  her  furface  conftantly  to- 
wards us.  as  by  her  motion  about  the  earth  would 
be  turned  from  us. 

This  motion  about  the  axis  is  equable  and  uni- 
form, but  that  about  the  earth  is  unequal  and 
irregular,  as  being  performed  in  an  ellipfis,  con- 
fequently  the  fame  precife  part  of  the  moon’s 
furfa.ee  can  never  be  fhewn  conflantly  to  the 
earth  ; which  is  confirmed  by  a tclefcops,  by 
which  we  often  obferve  a little  fegment  on  the 
eaftern  and  vveftern  limb,  appear  and  difappear 
by  turns,  as  il  her  body  librated  to  and  fro ; this 
phenomenon  is  called  the  moon’s  libration.  The 
lunar  motions  are  fubjebf  to  feveral  other  irregu- 
laiitics,  which  are  fully  difeufled  in  the  larger 
works  on  aftronomy. 
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Of  Eclipses. 

Thofe  phenomena  that  are  termed  eclipfes, 
were  in  former  ages  beheld  with  terror  and 
amazement,  and  locked  upon  as  prodigies  that 
portended  calamity  and  mifery  to  mankind. 
Thefe  fears,  and  the  erroneous  opinions  which 
produced  them,  had  their  fource  in  the  hierogly- 
phical  language  of  the  firft  inhabitants  of  the 
earth.  We  do  not,  however,  imagine  that  even 
the  moft  ancient  of  thefe  knew  any  more  of  the 
laws  and  motions  of  the  heavenly  bodies,  than 
what  could  be  difeovered  from  immediate  fight ; 
or  that  they  knew  enough  of  the  lunar  fyflem  to 
calculate  an  eclipfe,  or  even  that  they  ever  at- 
tempted it. 


The  word  eclipse  is  derived  from  the  Greek, 
and  iignifies  dereliftion,  a fainting  away,  or 
f-.vooning.  Now  as  the  moon  falls  into  the 
fhadow  of  the  earth,  and  is  deprived  of  the  fun’s 
enlivening  rays,  at  the  time  of  her  greateft  bright- 
nefs,  and  even  appears  pale  and  languid  before 
her  obfeuration,  lunar  eclipfes  were  called  lun.-e 
labor. E3,  the  d ruggies  or  labours  of  the  moon  ; 
to  relieve  her  from  thefe  imagined  diflreffes^ 
fuperftition  adopted  methods  as  impotent  as  they 
were  abfurd. 


When 
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When  the  moon,  by  palling  between  us  and 
the  fun,  deprived  the  earth  of  it’s  light  and  heat, 
the  fun  was  thought  to  turn  away  his  face,  zi  if  in 
abhorrence  of  the  crimes  of  mankind,  and  to 
threaten  everlafting  night  and  deftrudhion  to  the 
world.  But  thanks  to  the  advancement  of 
fcience,  which,  while  it  has  delivered  us  from  the 
foolifh  fears  and  idle  apprehenfions  of  the  an- 
cients, leaves  us  in  poffcfiion  of  their  reprefen- 
tative  knowledge,  enables  us  to  explain  the  ap- 
pearances on  which  it  was  founded,  and  points 
out  their  perverfion  and  abufe  of  it. 

Any  opake  body  that  is  expofed  to  the  light  of 
the  fun,  will  cad;  a fhadow  behind  it.  This 
fhadow  is  a fpace  deprived  of  light,  into  which 
if  another  body  comes,  it  cannot  be  feen  for  want 
of  light ; the  body  thus  falling  within  the 
fhadow,  is  faid  to  be  eclipsed. 

Hence  there  mud  be  three  bodies  concerned  in 
aneclipfej  i.  the  luminous  body ; i.  the  opake 
body,  that  cads  the  fhadow ; and,  3.  the  body 
involved  in  the  diadow. 


Or 
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Of  Eclipses  of  the  Moon. 

As  the  earth  is  an  opake  body,  enlightened  by 
the  fun,  it  will  caft  a ihadow  towards  thofe  parts 
that  are  oppofite  to  the  fun,  and  the  axis  of  this 
Ihadow  will  always  be  in  the  plane  of  the  ecliptic, 
becaufe  both  the  fun  and  the  earth  are  always 
there. 

The  fun  and  the  earth  are  both  fpherical 
bodies;  if  they  were,  therefore,  of  an  equal  fize, 
the  ihadow  of  the  earth  would  be  cylindrical,  as 
in  fig.  5,  plate  IX.  and  would  continue  of  the 
fame  breadth  at  all  difiances  from  the  earth,  and 
would  confequently  extend  to  an  infinite  difiance, 
fo  that  Mars,  Jupiter,  or  Saturn,  might  be 
eclipfed  by  it ; but  as  thefe  planets  are  never 
eclipfed  by  the  earth,  this  is  not  the  fhape  of  the 
Ihadow,  and  confequently  the  earth  is  not  equal 
in  fize  to  the  fun. 

If  the  fun  were  lefs  than  the  earth,  the  fhadow 
w ould  be  wider,  the  farther  it  was  from  the  earth, 
fee  fig.  6,  plate  IX.  and  would  therefore  reach 
to  the  orbits  of  Jupiter  and  Saturn,  and  eclipfe 
any  of  thefe  planets  when  the  earth  came  between 
the  fun  and  them  ; but  the  earth  never  cclipfes 
them,  therefore  this  is  not  the  fhape  of  it's 
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fhadow,  and  confequently  the  fun  is  not  Icfs  than 
the  earth. 


As  we  have  proved  that  the  earth  is  neither 
larger  nor  equal  to  the  fun,  we  may  fairly  con- 
clude that  it  is  lefs  ; and  that  the  fhadow  of  the 
earth  is  a cone,  which  ends  in  a point  at  fome 
didance  from  the  earth,  fee  fig.  7,  plate  IX. 

The  axis  of  the  earth’s  fhadow  falls  always  upon 
that  point  of  the  ecliptic  that  is  oppofite  to  the 
fun’s  geocentric  place;  thus  if  the  fun  beinthe  firlt 
point  ot  Aries,  the  axis  of  the  earth’s  fhadow  will 
terminate  in  the  firlt  point  of  Libra.  It  is  clear, 
therefore,  that  there  can  be  no  eclipfe  of  the  moon 
but  when  the  earth  is  interpofed  between  it  and 
the  fun,  that  is,  at  the  time  of  it’s  oppofition,  or 
when  it  be  full ; for  unlefs  it  is  oppofite  to  the  fun, 
it  can  never  be  in  the  earth’s  fhadow  ; and  if  the 
moon  did  always  move  in  the  plane  of  the  eclip- 
tic, flie  would  every  full  moon  pafs  through  the 

body  of  the  fhadow,  and  there  would  be  a total 
eclipfe  of  the  moon. 

We  have  already  obferved,  that  the  moon’s 
orbit  is  inclined  to  the  plane  of  the  ecliptic,  and 
onl)  coincides  with  it  in  tv, o places,  which  are 

termed 
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termed  the  nodes.  It  may,  therefore,  be  full 
moon  * without  her  being  in  the  plane  of  the 
ecliptic  ; file  may  be  either  on  the  north  or  the 
fouth  lide  of  it ; in  either  of  thefe  cafes,  {he  will 
not  enter  into  the  fhadow,  but  be  above  it  in  the 
one,  below  it  in  the  other. 

Let  H G reprefent  the  orbit  of  the  moon,  E F 
the  plane  of  the  ecliptic,  in  which  the  center  of 
the  earth’s  fhadow  always  moves,  and  N the  node 
of  the  moon’s  orbit ; A B C D lour  places  ot  the 
fhadow  of  the  earth  in  the  ecliptic.  When  the 
fhadow  is  at  A,  and  the  moon  at  I,  there  will  be 
no  eclipfe;  when  the  full  moon  is  nearer  the 
node,  as  at  K,  only  part  of  her  globe  paffes 
through  the  fhadow,  and  that  part  becoming 
dark,  it  is  called  a partial  eclipse;  and  it  is 
faid  to  be  of  fo  many  digits  as  there  are  twelfth 
parts  of  the  moon’s  diameter  darkened. 


When 

* A planet  may  be  in  oppofition  to,  or  conjunflion  with 
the  fun,  without  being  in  a right  line  that  paffes  through  the 
fan  and  the  earth.  Aflronomers  term  it  in  conjun6hon 
with  the  fun,  if  it  be  in  the  fame  part  of  the  zodiac  ; in  op- 
pofnion,  if  it  be  in  a part  of  the  zodiac,  180  degrees  from 

the  fun. 
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When  the  full  moon  is  at  M,  fhe  enters  into 
the  lhadow  C,  and  palling  through  it  becomes 
wholly  darkened  at  L,  and  leaves  the  fhadow  at 
O ; as  the  whole  body  of  the  moon  is  here  im- 
merfed  in  the  fhade,  this  is  called  a total 
eclipse. 

But  when  the  moon's  center  paffes  through 
that  of  the  fhadow,  which  can  only  happen  when 
fhe  is  in  the  node  at  N,  it  is  called  a total  and 
central  eclipse.  There  will  always  be  fuch 
eclipfes,  when  the  center  of  the  moon,  and  axis 
ol  the  fhadow,  meet  in  the  nodes. 

The  duration  of  a central  eclipfe  is  fo  long,  as 
to  let  the  moon  go  the  length  of  three  of  it’s  di- 
ameters totally  eclipfed,  which  hay  in  the  earths 
lhadow  is  computed  to  be  about  four  hours; 
Whereof  the  moon  takes  one  hour  from  it’s  begin- 
ning to  enter  the  fhadow,  till  quite  immerfed 
therein  ; two  hours  more  Hie  continues  totally 
dark  ; and  the  fourth  hour  is  taken  up  from  her 

firft  beginning  to  come  out  of  the  fhadow,  till  fhe 
is  quite  out  of  it. 


In  the  beginning  of  an  eclipfe,  the  moon  enters 
the  weftem  part  of  the  fhadow  with  the  eastern 
part  of  her  limb,  and  in  the  end  of  it  flic  leaves 

M ' the 
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the  eaftern  part  of  the  fhadow  with  the  wefterri 
part  of  her  limb ; all  the  intermediate  time,  from 
her  entrance  to  her  quitting  the  fhadow,  is 
reckoned  into  the  eclipfe  ; but  only  fo  much  into 
the  total  immerfion,  as  palies  while  the  moon  is 
altogether  obfcured. 

From  the  magnitude  of  the  fun,  the  fize  of  the 

l 0 

earth,  their  diflance  from  each  other,  the  retrac- 
tion  of  the  atmofphere,  and  the  diflance  of  the 
moon  from  the  earth  ; it  has  been  calculated  that 
the  fhadow  of  the  earth  terminates  in  a point, 
which  does  not  reach  fo  far  as  the  moon  s oroit. 
The  moon  is  not,  therefore,  eclipfed  by  the 
fhadow  of  the  earth  alone.  The  atmofphere,  by 
refracting  fome  of  the  rays  of  the  fun,  and  re- 
flecting others,  cafts  a fhadow,  though  not  fo 
dark  a one  as  that  which  arifes  from  an  opake 
body  ; when,  therefore,  we  fay  that  the  moon  is 
eclipfed,  by  pafling  into  the  fhau  w 01  the  earth, 
it  is  to  be  undcrflood  of  the  fhadow  oi  tne  earth, 
together  with  it’s  atmofphere.  Hence  it  is  that 
the  moon  is  vifible  in  eclipfes,  the  fhadow  cafh 
by  the  atmofphere  not  being  fo  dark  as  that  caft 
. "by  the  earth.  The  cone  of  this  fhadow  is  larger 
than  the  cone  of  the  earth’s  fhadow,  the  bafe 
thereof  broader,  the  axis  longer. 


Att 
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All  opake  bodies,  when  illuminated  by  the 
1-ays  of  the  fun,  caft  a fhadow  from  them,  which 
is  encompaffed  by  a penumbra,  or  thinner 
fhadow,  which  every  where  furrounds  the  for- 
mer, growing  larger  and  larger  as  we  recede 
from  the  body  : in  other  words,  the  penumbra  is 
all  that  fpace  furrounding  the  lhadow,  into  which 
the  rays  of  light  can  only  come  from  fome  part  of 
that  half  of  the  globe  of  the  fun,  which  is  turned 
towards  the  planet,  all  the  reft  being  intercepted 
by  the  intervening  body. 

Let  S,  fig.  2,  plate  XT.  be  the  fun,  E the 
planet,  then  the  penumbral  cone  is  F Id  G. 
The  nearer  any  part  of  the  penumbra  is  to  the 
fhadow,  the  lefs  light  it  receives  from  the  fun ; 
but  the  fuither  it  is,  the  more  it  is  enlightened ; 
thus  the  parts  of  the  penumbra  near  M are  illu- 
minated by  thofe  rays  of  light  which  come  from 
that  part  of  the  fun  near  to  I,  all  the  reft  being 
intercepted  by  the  planet  E ; in  like  manner, 
the  parts  about  N can  only  receive  the  light  that 
comes  from  the  part  of  the  fun  near  to  L,  where- 
as the  parts  of  the  penumbra  at  P and  Qare  en- 
lightened in  a much  greater  degree  : for  the 
planet  intercepts  from  P only  thofe  rays  which 
come  from  the  fun  near  L,  and  hides  from 
only  a fmall  part  of  the  fun  near  1. 

M2 
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The  moon  pafles  through  the  penumbra  before 
fhe  enters  into  the  fhadow  of  the  atmofphere; 
this  caufes  her  gradually  to  lofe  her  light,  which 
is  not  fenlible  at  firft,  but  as  Ihe  goes  into  the 
darker  part  of  the  penumbra,  fhe  grows  paler ; 
the  penumbra,  where  it  is  contiguous  to  the 
fhadow,  is  fo  dark,  that  it  is  difficult  to  diftin- 
guiffi  one  from  the  other. 

The  moon,  in  a total  eclipfe,  generally  appears 
of  a dufky  reddiffi  colour,  efpecially  towards  the 
edges ; but  of  a darker  towards  the  middle  of  the 
fhadow. 


Of  Eclipses  of  the  Sun. 

The  moon,  when  in  conjunction,  if  near  one 
of  her  nodes,  will  be  interpofed  between  us  and 
the  fun,  and  will  confequently  hide  the  fun,  or  a 
part  of  him,  from  us,  and  caft  a fhadow  upon 
the  earth  : this  is  called  an  eclipse  of  the  sun  ; 
it  may  be  either  partial  or  total. 

An  eclipfe  of  any  lucid  body,  is  a deficiency 
or  diminution  of  light,  which  would  otherwife 
come  from  it  to  our  eye,  and  is  caufed  by  the  in- 
terpofition  of  fome  opake  body. 


The 
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The  eclipfes  of  the  fun  and  moon,  though  ex* 
prefled  by  the  fame  word,  are  in  nature  very 
different;  the  fun,  in  reality,  lcfes  nothing  of 
it’s  native  luffre  in  the  greateft  eclipfes,  but  is  all 
the  while  incefiantly  fending  forth  ftreams  of 
light  every  way  round  him,  as  copioufly  as  be- 
fore. Some  of  thefe  ftreams  are,  however,  in- 
tercepted in  their  way  towards  our  earth,  by  the 
moon  coming  between  the  earth  and  the  fun ; 
and  the  moon  having  no  light  of  her  own,  and 
receiving  none  from  the  fun  on  that  half  of  the 
globe  which  is  towards  our  eye,  muft  appear 
dark,  and  make  fo  much  of  the  fun’s  diik  appear 
fo,  as  is  hid  from  us  by  her  interpofttion. 

What  is  called  an  eclipfe  of  the  fun,  is  there- 
fore, in  reality,  an  eclipfe  of  the  earth,  which  is 
deprived  of  the  fun’s  light,  by  the  moon's  coming 
between,  and  calling  a fliadow  upon  it.  The 
earth  being  a globe,  only  that  half  of  it  which  at 
any  time  is  turned  towards  the  fun,  can  be  en- 
lightened by  him  at  that  time  ; it  is  upon  fome 
part  of  this  enlightened  half  of  the  earth,  that 
the  moon’s  lhadovv,  or  penumbra,  falls  in  a folar 


The  fun  is  always  in  the  plane  of  the  ecliptic; 
Ut  fhe  moon  being  inclined  to  this  plane,  and* 
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only  coinciding  with  it  at  the  nodes,  it  will  not 
cover  either  the  whole  or  a part  of  the  fun ; or  in 
other  words,  the  fun  will  not  be  eclipfed,  unlefs 
the  moon  at  that  time  is  in  or  near  one  of  her 
nodes. 

The  moon,  however,  cannot  be  directly  be- 
tween the  fun  and  us,  unlefs  they  are  both  ir.  the 
fame  part  of  the  heavens  ; that  is,  unlefs  they  are 
in  conjunction.  Therefore,  the  fun  can  never 
be  eclipfed  but  at  the  new  moon,  nor  even  then, 
unlefs  the  moon  at  that  time  is  in  or  near  one  of 

her  nodes. 

« 

From  hence  it  is  eafy  to  {hew,  that  the  dark- 
nefs  at  our  Saviour’s  crucifixion  was  not  owing  to 
an  eclipfe  of  the  fun.  For  the  crucifixion  hap- 
pened at  the  time  of  the  Jewifh  paffover,  and  the 
paffover,  by  the  appointment  of  the  law,  was  to 
be  celebrated  at  the  full  moon  ; the  fun  could  not, 
therefore,  be  eclipfed  at  the  time  of  the  paifover. 
An  intelligent  tutor  will  find  many  opportunities 
of  obfe.rving  to  his  pupil,  that  nature,  and  philofo- 
phy,  which  explains  the  phaenomena  oi  nature, 
do  always  agree  with  divine  revelation. 

The  moon  being  much  fmaller  than  the  earth, 

and  having  a conical  Ihadow,  bccaufe  flie  is  lefs 

than 
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than  the  fun,  can  only  cover  a fmall  part  of  the 
earth  by  her  fhadow ; though,  as  we  have  ob- 
ferved  before,  the  whole  body  of  the  moon  may 
be  involved  in  that  of  the  earth.  Hence  an 
eclipfe  of  the  fun  is  vifihle  but  to  a few  inhabi- 
tants of  the  earth ; whereas,  an  eclipfe  of  the 
moon  may  be  feen  by  all  thofe  that  are  on  that 
hemifphere  which  is  turned  towards  it. 

It  is  not  neceffary,  in  order  to  conftitute  a 
central  eclipfe  of  the  fun,  that  the  moon  fhould 
be  exactly  in  the  line  of  the  nodes,  at  the  time  of 
it's  conjunction  ; for  it  is  fufficient  to  denominate 
an  eclipfe  of  the  fun  central,  that  the  center  of 
the  moon  be  directly  between  the  center  of  the 
fun,  and  the  eye  of  the  fpcctator ; for  to  him, 
the  fun  is  then  centrally  eclipfed.  But  as  the 
fhadow  of  the  moon  can  cover  but  a fmall  portion 
of  the  earth,  it  is  obvious  this  may  happen  when 
the  moon  is  not  in  one  of  her  nodes.  Further, 
the  fun  may  be  eclipfed  centrally,  totally,  par- 
tially, and  not  at  all  at  the  fame  time. 

Thus  in  fig.  3,  plate  XI.  let  A B C be  the  fun, 
M N the  moon,  h 1 g part  of  the  cone  of  the 
moon  s fhadow7,  f d the  penumbra  of  the  moon  : 
from  this  figure  it  is  eafy  to  perceive. 
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1.  That  thofe  parts  of  the  earth  that  are 
within  the  circle  reprefented  by  g h,  are  covered 
by  the  fhadovv  of  the  moon,  fo  that  no  rays  can 
come  from  any  part  of  the  fun  into  that  circle,  on 
account  of  the  interpofition  of  the  moon. 

2.  In  thofe  parts  of  the  earth  where  the  penum-  ' 
bra  falls,  only  part  of  the  fun  is  vifible ; thus 
between  d and  g,  the  parts  of  the  fun  near  C can- 
not be  feen,  the  rays  coming  from  thence  towards 
d or  g being  intercepted  by  the  moon  ; whereas 
at  the  fame  time,  the  parts  between  f and  h are 
illuminated  by  rays  coming  from  C,  but  are  de- 
prived by  the  moon  of  fuch  as  come  from  A. 

3.  The  nearer  any  part  of  the  earth,  within 
the  penumbra,  is  to  the  fnadow  of  the  moon,  as 
in  places  near  g,  1,  or  h,  the  lefs  portion  of  the 
fun  is  vifible  to  it’s  inhabitants  ; the  nearer  it  is  to 
the  outfide  of  the  penumbra,  as  towards  d,  e,  or 
f,  the  greater  portion  of  the  fun  may  be  feen. 

4.  Out  of  the  penumbra,  the  entire  difk  of  the 
fun  is  vifible. 


Or 
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Of  Parallax  and  Refraction. 

Agronomy  is  fubjed  to  many  difficulties,  bc- 
fides  thole  which  are  obvious  to  every  eye. 
When  we  look  at  any  liar  in  the  heavens,  we  do 
not  fee  it  in  it’s  real  place ; the  rays  coming  from 
it,  when  they  pafs  out  of  the  purer  etherial 
medium,  into  our  coarfer  and  more  denfe  atmo- 
fphere,  are  refracted,  or  bent  in  fuch  a man- 
ner, as  to  {hew  the  ftar  higher  than  it  really  is. 
Hence  we  fee  all  the  flars  before  they  rife,  and 
after  they  fet ; and  never,  perhaps,  fee  any  one 
in  it’s  true  place  in  the  heavens. 

There  is  another  difference  in  the  apparent 
fituation  of  the  heavenly  bodies,  which  arifes  from 
the  Nations  in  which  an  obferver  views  them. 
This  difference  in  fituation  is  called  the  paral- 
lax of  an  objed. 

The  parallaxes  principally  ufed  by  aftronomers, 
are  thofe  which  arife  Irom  confidering  the  objed 
as  viewed  from  the  centers  of  the  earth  and  the 
fun,  from  the  furface  and  center  of  the  earth,  and 
from  all  three  compounded. 

The  difference  between  the  place  of  a planet, 
as  feen  from  the  fun,  and  the  fame  as  feen  from 

the 
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the  earth,  is  called  the  parallax  of  the  annual  or- 
bit ; in  other  words,  the  angle  at  any  planet, 
fubtended  between  the  fun  and  the  earth,  is 
called  the  parallax  of  the  earth’s  or  annual  orbit. 

The  diurnal  parallax  is  the  change  of  the  ap- 
parent place  of  a fixed  liar,  or  planet,  of  any 
celefiial  body,  arifing  from  it’s  being  viewed  on 
the  furface,  or  from  the  center  of  the  earth. 

The  fixed  ftars  have  no  diurnal  parallax,  the 
moon  a confiderable  one  ; that  of  the  planets  is 
greater  or  lefs,  according  to  their  diftances. 

Let  H S W,  fig.  2,  plate  VIII.  reprefent  the 
earth,  T the  center  thereof,  o R G part  of  the 
moon’s  orbit,  P r g part  of  a planet’s  orbit,  Z a 
A part  of  the  ftarry  heavens.  Now  to  a fpeclator 
at  S,  upon  the  furface  of  the  earth,  let  the  moon 
appear  in  G,  that  is,  in  the  fenfible  horizon  of  S, 
and  it  will  be  referred  to  A ; but  if  viewed  from 
the  center  T,  it  will  be  referred  to  the  point  D, 
which  is  it’s  true  place. 

The  arc  A D will  be  the  moon’s  parallax  ; the 
angle  SGT  the  parallacfiic  angle ; or  the  paral- 
lax is  exprefied  by  the  angle  under  which  the 

femi- 
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fcmidiameter  T S of  the  earth  is  feen  from  the 
moon. 

If  the  parallax  be  confidered  with  refpedt  to 
different  planets,  it  will  be  greater  orlefs,as  thofe 
obje&s  are  more  or  lefs  diftant  from  the  earth  ; 
thus  the  parallax  A D of  G is  greater  than  the 
parallax  a d of  g. 

If  it  be  confidered  with  refpedt  to  the  fame 
planet,  it  is  evident  that  the  horizontal  parallax 
(or  the  parallax  when  the  objedt  is  in  the  horizon) 
is  greateff  of  all,  and  diminifhes  gradually,  as  the 
body  riles  above  the  horizon,  until  it  comes  to  the 
zenith,  where  the  parallax  vanifhes,  or  becomes 
equal  to  nothing.  Thus  A D and  a d,  the  hori- 
zontal parallaxes  of  G and  g,  are  greater  than 
aB  and  a b,  the  parallaxes  of  R and  r ; but  the 
objects  O and  P,  feen  from  S or  T,  appear  in  the 
fame  place  Z,  or  the  zenith. 

By  knowing  the  parallax  of  any  celeff  ial  objedt, 
it’s  difiance  from  the  center  of  the  earth  may  be 
eafily  obtained  by  trigonometry.  Thus  if  the 
diflance  of  G from  F be  fought,  in  the  triangle 
S T G,  S T being  known,  and  the  angle  S G T 
determined  by  obfervation,  the  fide  T G is 
thence  known. 


The 
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The  parallax  of  the  moon  may  be  determined 
by  two  perfons  obferving  her  from  different  fla- 
tions  at  the  fame  time,  fhe  being  vertical  to  the 
one,  and  horizontal  to  the  other.  It  is  generally 
concluded  to  be  about  57  minutes  of  a degree. 

But  the  parallax  moft  wanted,  is  that  of  the 
fun,  whereby  his  abfolute  diftance  from  the  earth 
would  be  known  ; and  hence  the  abfolute  diftan- 
ces  of  all  the  other  planets  would  be  alfo  known, 
from  the  fecond  Keplerian  law. 

As  one  of  the  principal  obje&s  of  aftronomy 
is  to  fix  the  fituation  of  the  feveral  heavenly 
bodies,  it  is  neceffary,  as  a firft  ftep,  to  under- 
Hand  the  caufes  which  occafion  a falfe  appear- 
ance of  the  place  of  thofe  objects,  and  make  us 
fuppofe  them  in  a different  fituation  from  that 
which  they  really  have.  Among  thefe  caufes, 
refraction  is  to  be  reckoned.  By  this  term  is 
meant,  the  bending  of  the  rays  of  light  as  they 
pafs  out  of  one  medium  into  another. 

The  earth  is  every  where  furrounded  by  an 
heterogeneous  fluid,  a mixture  of  air,  vapour, 
and  terreflrial  exhalations,  that  extend  to  the 
regions  of  the  Iky.  The  rays  of  light  from  the 
fun,  moon,  and  flars,  in  pafling  to  a fpecHator 

upon 
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Upon  earth,  come  through  this  medium,  and  are 
fo  refracted  in  their  paflage  through  it,  that  their 
apparent  altitude  is  greater  than  their  true 
altitude. 

Let  A C,  fig.  3,  plate  VIII.  reprefent  the  fur- 
face  of  the  earth,  T it’s  center,  B P a part  of  the 
atmofphere,  HEK  the  fphere  of  the  fixed  liars, 
A F tWe  fenfible  horizon,  G a planet,  G D a ray 
of  light  proceeding  from  the  planet  to  D,  where 
it  enters  our  atmofphere,  and  is  refracted  towards 
the  line  L T,  which  is  perpendicular  to  the  fur- 
face  of  the  atmofphere ; and  as  the  upper  air  is 
rarer  than  that  near  the  earth,  the  ray  is  continu- 
ally entering  a denier  medium,  and  is  every  mo- 
ment bent  towards  I , which  caufes  it  to  defcribe 
a curve  as  D A,  and  to  enter  a fpcfctator’s  eye  at 
A,  as  if  it  came  from  E,  a point  above  G.  And 
as  an  objedl  always  appears  in  that  line  in  which 
it  enters  the  eye,  the  planet  will  appear  at  E, 
higher  than  it’s  true  place,  and  frequently  above 

the  horizon  A F,  when  it's  true  place  is  below  it 
at  G. 


This  refraction  is  greateft  at  the  horizon,  and 
decreafes  very  faft  as  the  altitude  inereafes,  info, 
much  that  the  refradion  at  the  horizon  differs 
from  the  redaction  at  a very  few  degrees  above 

the 
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the  horizon,  by  about  one-third  part  of  the 
whole  quantity.  At  the  horizon,  in  this  cli- 
mate, it  is  found  to  be  about  33  minutes.  In 
climates  nearer  to  the  equator,  where  the  air  is 
purer,  the  refraction  is  lefs ; and  in  the  colder 
climates,  nearer  to  the  pole,  it  increafes  exceed- 
ingly,  and  is  a happy  provifion  for  lengthening 
the  appearance  of  the  light  at  thofe  regions  fo  re- 
mote from  the  fun. 

Gaffendus  relates,  that  fome  Hollanders  who 
wintered  in  Nova  Zembla,  in  latitude  75  were 
furprized  with  a fight  of  the  fun  1 7 days  before 
they  expeCted  him  in  the  horizon.  This  differ- 
ence was  owing  to  the  refraCtion  of  the  atmo- 
fphere  in  that  latitude.  To  the  fame  caufe,  to- 
gether with  the  peculiar  obliquity  of  the  moon’s 
orbit  to  the  ecliptic,  fome  of  thefe  very  northern 
regions  are  indebted  for  an  uninterrupted  light 
from  the  moon  much  more  than  half  the  month, 
and  fometimes  almofi:  as  long  as  it  is  capable  of 
affording  any  light  to  other  parts  of  the  earth. 
Hence,  in — 

" Thofe  regions,  where  no  green  herb  appear- 
eth,  and  which  for  months  behold  not  the  light 
of  the  fun,  nor  the  chearful  day  : 


" Infinite 
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*<  Infinite  wifdom  is  manifefted,  and  abundant 
means  of  folace  are  offered  to  the  contented  foul. 

“ He  murmureth  not  that  the  fun  is  hid  from 
him. 

<e  He  knoweth  that  the  moon  will  give  light 
for  many  days,  and  doth  not  fear  the  approach 
of  thick  darknefs. 

tc  To  him  the  fun  returneth  at  the  appointed 
feafon  ; but  it’s  approach  is  haflcned  by  the  re- 
fradion  of  the  armofphere.”  * 

To  this  refradion  we  mufl  attribute  another 
curious  phenomenon,  mentioned  by  Pliny : for 
he  relates,  that  the  moon  had  been  cclipfed  once 
in  the  \\e(h,  at  the  fame  time  that  the  fun  appear- 
ed above  the  horizon  in  the  eafL  Maeftlinus,  in 
Kepler,  fpeaks  of  another  infhance  of  the  fame 
kind,  which  fell  under  his  own  obfervation. 

Through  this  refradion  we  are  favoured  with 
the  fight  of  the  fun,  about  3 minutes  and  f before 
it  riles  above  the  horizon;  and  alfo  as  much 

every 
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every  evening  after  it  fets  below  it,  which  in  one 
year  amounts  to  more  than  40  hours. 

It  is  to  this  property  of  refradion  that  we  are 
alfo  indebted  for  that  enjoyment  of  light  from 
the  fun  when  he  is  below  the  horizon,  which  pro- 
duces the  morning  and  evening  twilight.  The 
fun’s  rays,  in  falling  upon  the  higher  part  of  the 
atmofphere,  are  refleded  back  to  our  eyes,  and 
form  a faint  light,  which  gradually  augments  till 
it  becomes  day.  Had  no  fuch  atmofphere  exift- 
ed,  the  rays  of  light  would  have  come  to  us  in 
ftrait  lines,  and  the  appearance  and  difappearance 
of  the  fun  would  have  been  inftantaneous ; we 
(hould  have  had  a fudden  tranfition  from  the 
brighteft  funfhine,  to  the  moft  profound  dark- 
nefs ; and  from  thick  darknefs  to  a blaze  of  light. 
Thus  by  refra&ion  we  are  prepared  gradually  for 
the  light  of  the  fun,  the  duration  of  it’s  light  is 
prolonged,  and  lhades  of  darknefs  foftened. 

Of  the  Satellites  of  Jupiter  and  Saturn. 

The  exigence  of  the  fatellites  of  any  of  the  pla- 
nets, except  the  moon,  would  have  been  un- 
known to  us  without  the  ufe  of  the  telefcope- 
The  fatellites  are  dihinguifhed  according  to  their 
places,  into  firh,  fecond,  &c.  the  firft  being 

that 
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that  which  is  neareft  to  the  planet.  The  follow- 
ing table  fhews  the  time  taken  by  each  fatellite  in 
it’s  revolution;  and  alfo  it’s  mean  diftance  from 
the  primary  in  femi-diameters  thereof. 


Jupiter’s  Satellites. 


I. 

II. 

III. 

IV. 

d.  h. 

m. 

cL%  h* 

m. 

d. 

h.  m. 

d.  h.  in. 

i 18 

28 

3 13 

18l 

7 

3 59 

16  ,8  5 

Distance  from  Jupiter  in  Semi-diameters. 


I. 

II. 

III. 

IV.  | 

r 

. 5 3 

9 

Mi 

25  T 1 

Saturn’s  Satellites. 


I. 

11. 

111. 

L 

• 

> 

V. 

i/.  A. 

!l • 

A.  m. 

d-  h.  vi.  j d. 

/u 

m. 

1 21  18 

2 17  4i 

3 

12  25 

i5  22  41  I 7Q 

7 

48 

> 


Distance  from  Saturn  in  Semi-diameter.,. 
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1. 

11. 

in. 

IV. 

V. 

11 1 

*5 

36 

1 08 
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The  fyftem  of  Jupiter  and  his  fatcllites  is  very 
large  initfelf;  yet  on  account  ot  it’s  immenfe 
diftance  from  us,  it  appears  to  occupy  but  a fmall 
fpace  in  the  fphere  of  the  harry  heavens,  and 
confequcntly  every  fatelhte  of  Jupiter  appears  to 
us  always  near  it’s  primary,  and  to  have  an  ofcil- 
latory  motion,  like  that  of  a pendulum  going 
alternately  from  it’s  greateft  digreflion  on  one 
fide  the  planet,  to  it’s  greateft  on  the  other, 
fometimes  in  a ftrait  line,  at  others  in  an  elliptic 
curve. 

f 

When  a fatelhte  is  in  it’s  fuperior  femicircle, 
or  that  half  of  it’s  orbit  that  is  more  diftanr  from 
the  earth  than  Jupiter,  it’s  motion  appears 
dire&tous;  when  a fatellite  is  in  it’s  inferior 
femicircle,  nearer  to  us  than  Jupiter  is,  the  ap- 
parent motion  of  it  is  retrograde. 

The  fatellites  of  Saturn  revolve  about  it  in 
almoft  the  fame  plane,  namely,  that  of  it’s  ring, 
excepting  the  fifth,  the  plane  of  whole  orbit  de- 
viates a little  therefrom.  Thofe  of  Jupiter  move 
jtlfo  in  a plane  very  nearly  coincident  w ith  that  in 
which  Jupiter  moves  about  the  fun. 

The  fatellites,  and  their  primaries,  mutually 

eclipfe  each  other  in  the  fame  manner  in  which  it 

has 
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has  been  (hewn  that  the  earth  and  the  moon  does. 
Bat  there  are  three  cafes  in  which  the  fateliites 
difappear  to  us. 

The  one  is,  when  the  fatellite  is  dire&ly  be- 
hind the  body  of  it’s  primary,  w ith  refpetit  to  the 
earth  ; this  is  called  an  occultation  of  the 
planet. 

* 

Another  is,  when  it  is  direflly  behind  it’s 
primary,  with  refpeft  to  the  sun,  and  fo  falls  in- 
to it’s  fhadow,  and  fuffers  an  eclipfe,  as  the 
moon,  when  the  earth  is  interpofed  between  that 
and  the  fun. 

The  laft  is,  when  it  is  interpofed  between  the 
earth  and  it’s  primary  ; for  then  it  cannot  be 
diftinguiihed  from  the  primary  itfelf. 

By  obferving  the  eclipfes  of  Jupiter’s  fateliites, 
it  was  difeovered  that  light  is  not  propagated  in- 
ftantaneoufly,  though  it  moves  with  an  incredi- 
ble velocity  ; fo  that  light  reaches  from  the  fun 
to  us  in  the  fpace  of  eleven  minutes  of  time,  at 
raore  than  the  rate  of  100,000  miles  in  a fecond. 
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Of  the  fixed  Stars. 

No  part  of  the  univerfe  gives  fuch  enlarged 
ideas  of  the  flrudure  and  magnificence  of  the 
heavens,  as  the  confideration  of  the  number, 
magnitude,  and  diftance  of  the  fixed  fiars.  W e 
admire  indeed,  with  propriety,  the  vafi  bulk  of 
our  own  globe  ; but  when  we  confider  how  much 
it  is  furpaffed  by  mod  of  the  heavenly  bodies, 
what  a point  it  degenerates  into,  and  how  little 
more,  even  the  vafi  orbit  in  which  it  revolves, 
would  appear,  when  feen  from  fome  of  the  fixed 
fiars,  we  begin  to  conceive  more  jufi  ideas  of  the 
extent  of  the  univerfe,  and  of  the  boundaries  of 
creation. 

c-  . 

'•  Among  the  many  difiinctions  that  characterize 
the  fixed  fiars  from  the  other  luminaries  of 
heaven,  that  which  is  afforded  by  their  light,  or 
peculiar  lufi re,  is  the  moft  obvious. 

The  light  of  the  planets  is  fieady,  becaufe  it 
is  reflected  ; that  of  the  fiars  is  bright  and  lively, 
and  accompanied  with  a kind  of  vibration  of  light, 
\vhich  we  call  twinkling.  This  is  fuppoled  to 
arife  from  the  nature  of  their  light  as  intrinfic, 
and  not  received  and  reflected,  and  principally 
from  the  fmallnefs  of  their  apparent  diameter, 
v"  £ a T Our 
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Gur  atmofphere  is  full  of  innumerable  little  par- 
ticles, which  are  continually  floating  in  it  ; many' 
of  thefe  are  large  enough,  on  coming  between 
the  eye  and  fuch  a point  as  a fixed  flar,  to  hide 
that  point,  or  take  that  fiar  out  of  our  view,  by 
intercepting  it’s  rays.  But  thefe  atoms  are  in 
perpetual  motion,  fo  that  the  fiar  is  no  fooner 
hid  by  one  of  them,  than  it  appears  again,  be- 
caufe  the  atom  has  changed  it’s  place ; then  ano- 
ther comes,  and  again  intercepts  the  view  : the 
Uvift  fuccefiion  of  thefe  moving  particles,  greatly 
affifts  in  caufing  that  appearance  which  we  term 
twinkling. 

- » 

The  mofi  confpicuous  and  brighteft  of  the  fixed 
fiars  of  our  horizon  is  Syrius.  The  earth,  in 
moving  round  the  fun,  is  190  millions  of  miles 
nearer  to  this  fiar  in  one  part  of  it’s  orbit,  than  in 
the  oppofite  ; yet  the  magnitude  of  the  fiar  does 
not  appear  to  be  in  the  leafi  altered,  or  it’s 
difiance  affecfied  by  it ; fo  that  the  difiance  of  the 
fixed  fiars  is  great  beyond  all  computation.  The 
unbounded  fpace  appears  filled  at  proper  difiances 
with  thefe  fiars,  each  ol  which  is  probably  a fun, 
with  attendant  planets  rolling  round  it.  In  this 
view,  what,  and  how  amazing,  is  the^firudlure 
of  the  univerfe ! 

N 3 Though 
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Though  the  fixed  ftars  are  the  only  marks  by 
which  aftronomers  are  enabled  to  judge  of  the 
courfe  of  the  moveable  ones,  and  we  have  afferted 
their  relative  pofitions  do  not  vary  ; yet  this  after- 
tion  mult  be  confined  within  fome  limits,  for 
many  of  them  are  found  to  undergo  particular 
changes,  and  perhaps  the  whole  are  liable  to  fome 
peculiar  motion,  which  connects  them  with  the 
univerfal  fyftem  of  created  nature.  Dr.  Herfchel 
even  goes  fo  far  as  to  fuppofe  that  there  is  not,  in 
ftriclnefs  of  fpeaking,  one  fixed  ftar  in  the  hea- 
vens ; but  that  there  is  a general  motion  of  all  the 
Harry  fyftems,  and  confequentjy  of  the  folar  one 
among  the  reft. 

There  are  fome  ftars,  whofe  fituation  and  place 
were  heretofore  known,  and  marked  with  pre- 
cifton,  that  are  no  longer  to  be  feen ; new  ones 
have  alfobeen  difeovered,  that  were  unknown  to 
the  ancients,  while  numbers  feem  gradually  to 
vanifh.  There  are  others  which  are  found  to 
have  a periodical  increafe  and  decreafe  of  magni- 
tude ; and  it  is  probable,  that  the  inftances  of 
thefe  changes  would  have  been  more  numerous, 
if  the  ancients  had  pofTefied  the  fame  accurate 
means  of  examining  the  heavens,  as  are  ufed  af 
prefent. 


New 
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New  liars  offer  to  the  mind  a phenomenon 
more  furprizing,  and  lefs  explicable,  than  almoft 
anv  other  in  the  fcience  ot  aftronomy.  I fhall 
fclccl  a few  infiances  of  the  more  remarkable 
ones,  for  the  jnfirudiion  of  the  young  pupil : a 
conlideration  of  the  changes  that  take  place,  at  fc 
jmmenfe  a diftance  as  the  liars  are  known  to  be 
from  him,  may  elevate  his  mind  to  confider  the 
immenfity  of  his  power,  who  regulates  and 
governs  all  thefe  wide  extended  motions ; “ who 
hath  meafured  the  waters  in  the  hollow  of  his 
hand,  and  meted  out  heaven  with  a fpan.'r 

It  was  a new  liar,  difeovered  by  Hipparchus, 
the  chief  of  the  ancient  aftrpnomers,  that  induced 

t 

him  to  compofe  a catalogue  of  the  fixed  liars, 
that  future  obfervers  might  learn  from  his  la- 
bours, whether  any  of  the  known  liars  difappear, 
or  new  ones  were  produced.  The  fame  motives 
engaged  the  illulirious  Tycho  Brahe  to  form, 
with  unremitting  labour  and  affiduity,  another 
new  catalogue  of  the  liars. 

Of  new  liars,  the  hrli  of  which  we  have  a good 
account,  is  that  which  was  difeovered  in  the  con- 
liellation  Caffiopea,  in  the  month  of  November 
of  the  year  1572,  a time  when  aflronomy  was 
fulliciently  cultivated,  to  enable  the  aflronomers 
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to  give  the  account  with  precifion.  It  remained 
viiible  about  iixteen  months ; during  this  time* 
it  kept  it’s  place  in  the  heavens,  without  the  lead 
variation.  It  had  all  the  radiance  of  the  fixed 
ftars,  and  twinkled  like  them ; and  was  in  all 
refpe&s  like  Syrius,  excepting  that  it  furpalfed  it 
in  brightnefs  and  magnitude.  It  appeared  larger 
than  Jupiter,  who  was  at  that  time  in  his  perigee ; 
and  was  fcarce  lefs  bright  than  Venus. 

It  was  not  by  degrees  that  it  acquired  this 
diameter,  but  {hone  forth  at  once  of  it’s  full  fize 
and  brightnefs,  as  if  of  inflantaneous  creation.  It 
continued  about  three  weeks  in  full  and  entire 
fplendor,  during  which  time  it  might  be  feen 
even  at  noon  day,  by  thofe  who  had  good  eyes, 
and  knew  where  to  look  for  it.  Before  it  had 
been  feen  a month,  it  became  vifibly  fmaller, 
and  from  thence  continued  diminifhing  in  mag- 
nitude till  March,  1574,  when  it  entirely  difap- 
peared.  As  it  decrealed  in  fize,  it  varied  in 
colour;  at  fir  ft,  it’s  light  was  white,  and  ex- 
tremely bright;  it  then  became  yellowifh,  after- 
wards ofa  ruddy  colour,  like  Mars  ; and  finiflied 
with  a pale  livid  white,  refembling  that  of 
Saturn. 


In 
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In  1596,  Fabricius  obferved  a new  Par  in  the 
neck  of  the  Whale  : he  PrP  faw  it  in  AuguP,  and 
it  difappeared  in  Ocfober  of  the  fame  year.  In 
163 7,  Phocy Hides  Holwarda  obferved  it  again, 
and  not  knowing  that  it  had  been  feen  before, 
took  it  for  a new  difeovery  : he  watched  it’s 
place  in  the  heavens,  and  faw  it  appear  again  the 
fucceeding  year,  nine  months  after  it’s  difappear- 
ance.  It  has  been  fince  found  to  be  every  year 
very  regular  in  it’s  period,  except  that  in  1672 
it  was  milled  by  Hevelius,  and  not  feen  again  till 
1676.  Bullialdqs  having  compared  together  the 
obfervations  which  had  been  made  of  it  from 
1638  to  1 666,  determined  the  periodical  time 
between  this  Par’s  appearing  in  it’s  greateP 
brightnefs,  and  returning  to  it  again,  to  be  333 
days ; obferving  further,  that  this  Par  did  not 
appear  at  once  in  it’s  full  magnitude,  or  bright- 
nefs,  but  by  degrees  arrived  at  them.  He  alfo 
framed  an  hypothefis,  to  account  for  thefe 
periodic  changes. 

T hree  changeable,  or  re-apparent  Pars,  have 
been  difeovered  in  the  conftellation  of  the  Swan; 
the  firft  was  feen  by  Janfonius,  in  i6oo:  the 
fecond  was  difeovered  in  1670;  the  third  by 

fvirchius,  in  16860 
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In  the  latter  end  of  September,  1604,  a new 
fiar  was  difcovered  near  the  heel  of  the  right  foot 
of  Serpentarius.  There  were  in  that  part  of  the 
heavens,  at  that  time,  the  three  fuperior  planets, 
which  fo  engaged  the  attention  of  adronomers, 
that  no  appearance  thereabouts  could  have  long 
efcaped  them.  Kepler,  in  defcribing  it,  fays, 
that  it  w'as  precifely  round,  without  any  kind  of 
hair,  or  tail ; that  it  was  exactly  like  one  of  the 
ftars,  except  that  in  the  vividnefs  of  it’s  ludre, 
and  the  quicknefs  of  it’s  fparkling,  it  exceeded 
any  thing  he  had  ever  feen  before.  It  was  every 
pnoment  changing  into  fome  of  the  colours  of  the 
rainbow,  as  yellow,  orange,  purple,  and  red  ; 
though  it  was  generally  white,  when  it  was  at 
fome  didance  from  the  vapours  of  the  horizon. 
Thofe  in  general  who  faw  it,  agreed  that  it  was 
larger  than  any  other  fixed  ftar,  or  even  any  of 
the  planets,  except  Venus:  it  preferved  it’s  luftre 
and  fize  for  about  three  weeks  ; from  this  time  it 
grew  gradually  fmaller.  Kepler  fuppofes  that  it 
difappeared  fome  time  between  October,  1605, 
and  the  February  following,  but  on  what  day  is 
uncertain. 


Befides  thefe  feveral  re-apparent  fiars,  fo  well 
characterized  and  edablifhed  by  the  earlied 
among  the  modern  adronomers,  there  have  been 

many 
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many  difcovcred  fince,  by  Caffini,  Maraldi,  and 
others ; Mr.  Mpntanere  fpeaks  of  having  ob* 
ferved  above  one  hundred  changes  among  the 
fixed  fiars. 

The  fiar  Algol,  in  Medufa’s  head,  has  been 
obferved  long  fince  to  appear  of  different  maenw 
tudes,  at  different  times.  The  period  of  it  ha? 
been  lately  fettled  by  J.  Goodricke,  Efq.  of  York. 
It  periodically  changes  from  the  firft  to  the  fourth 
magnitude  ; the  time  employed  from  one  greateft 
diminution  to  the  other,  was  anno  1783,  at  a 
mean  2 days,  20  hours,  49  minutes,  3 feconds. 
The  changes  are  thus  : during  four  hours  it  gra- 
dually dimimfhes  in  lullre ; during  the  fucceed- 
ing  four  hours,  it  recovers  its  firft  magnitude  by 
a like  gradual  increafe  ; and  during  the  remaining 
part  of  the  period,  namely,  2 days,  1 2 hours, 
49  minutes,  3 leconds,  it  invariably  preserves  it’s 
greatefi  luftre ; after  the  expiration  of  which 
term,  the  diminution  again  commences. 

The  cauies  of  tliefe  appearances  cannot  be 
alfigned  at  prefent,  with  any  degree  of  proba- 
bility  ; perhaps  they  have  fome  analogy  to  the 
fpots  on  the  fun,  which  at  fome  times  appear  in 
greater  numbers  than  at  others,  fome  of  them 
bigger  than  the  whole  earth  j or  perhaps  they  arc 

owing 
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owing  to  Tome  real  motions  of  the  ftars  them- 
feives. 

There  are  feveral  flars  that  appear  Tingle  to 
the  naked  eye,  which  are,  on  examination  with 
a telefcope,  found  to  conftft  of  two,  three,  &c. 
The  number  of  double  ftars  obferved  before  the 
time  of  Dr.  Herfchel,  was  but  fmall ; but  this 
celebrated  aftronomer  has  noted  upwards  of  four 
hundred  ; among  thefe,  fome  that  are  double, 
others  that  are  treble,  double  double,  quadruple, 
double  treble,  and  multiple  ; his  catalogue  gives 
the  comparative  fize  of  thefe  ftars,  their  colour 
as  they  appeared  to  him,  with  feveral  other  very 
curious  particulars, 

Befides  thefe  phenomena,  there  are  many 
nebular  or  parts  of  the  heavens,  which  are 
brighter  than  the  reft.  “ The  moft  obvious  to 
common  notice,  is  that  large  irregular  band 
which  crofies  the  ecliptic  in  Cancer  and  Capri- 
corh,  and  is  inclined  to  it  in  an  angle  of  about 
ftxty  degrees.  Other  nebulae  are  feldom  fo  large 
as  to  be  feen  by  the  naked  eye,  to  which  they 
appear  as  fmall  ftars.  Viewed  by  a telefcope, 
they  appear  as  fo  many  luminous  fpots,  of  various 
figures,  in  fome  inftances  with  ftars  in  them; 
inch  of  thefe  nebulofe  ftars  as  are  yifible  to  the 

naked 
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naked  eye,  appear  as  a kind  of  fine  white  cloud. 
The  number  of  nebulae  afcertained  before  the  time 
ofHerfchel,  are  about  103.”  He  has,  however, 
given  us  a catalogue  of  1000  new  nebulae  ; many 
of  the  nebulae  are  refolvable  by  the  telefcope,  in- 
to cluhers  of  final!  hars ; and  it  is  found,  that 
telcfcopes  of  greater  force  refolve  thofe  nebula; 
into  ftars,  which  appear  as  white  clouds  in  in- 
hruments  of  lefs  force.  Hence  then  there  is 
reafon  to  conclude,  that  they  all  confift  of  cluf- 
ters, or  prodigious  aggregates  of  flars.  Dr. 
Herfchel  fays,  that  in  the  molt  crouded  part  of 
the  milky  way,  he  had  fields  of  view,  that  con- 
tained no  lefs  than  588  liars,  and  thefe  were  con- 
tinued for  many  minutes,  fo  that  in  one  quarter 
of  an  hour  there  paffed  no  lefs  than  1 16,000  flars 
through  the  field  of  view  of  his  telefcope.  The 
blended  luflre  of  thefe  luminous  points,  is  the 
caufe  of  that  light  and  white  appearance,  from 
whence  this  fpace  has  been  denominated. 

Dr.  Herfchel  endeavours  to  make  it  appear, 
both  from  obfervation  and  well  grounded  con- 
jeclure,  1.  lhat  the  harry  heaven  is  replete  with 
nebulae,  or  fy hems  of  hars  of  various  figures; 
and  that  the  milky  way  is  that  particular  nebula 
in  which  our  fun  is  placed.  2.  That  each  nebu- 
ki  is  compofed  of  t>  prodigious  number  of  funs. 


or 
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or  bodies,  that  llune  by  their  own  native  fplendor. 
3.  That  each  individual  Tun  is  defined  to  give 
light  to  hundreds  of  worlds  that  revolve  about  it, 
but  which  can  no  more  be  feen  by  us,  on  ac- 
count of  their  great  diliance,  than  the  folar  pla- 
nets can  be  feen  from  the  fixed  liars.  Nor  is  it 
necellary  that  in  this  explored  and  unexplorable 
abyfs  of  (pace,  the  planets  fhould  be  of  the 
fame  magnitude  as  thofe  that  belong  io  our 
fyliem  ; for  it  is  not  improbable,  but  that 
planetary  bodies  may  be  difeovered  among  the 
double  and  triple  liars. 

Dr.  Herfchel  mentions  fome  other  heavenly 
bodies  difeovered  by  him,  which,  from  the  An- 
gularity of  their  appearance,  he  finds  it  difficult 
to  know  how  to  clafs : he  has  termed  them 
planetary  nebulae,  for  he  can  hardly  fuppofe  them 
to  be  nebulae;  their  light  is  fo  uniform,  as  well 
as  vivid;  their  diameter  fo  fmall,  and  well- 
defined  ; if  nebulae,  they  mult  confift  of  liars 
that  are  comprelfed  and  accumulated  in  the 
higheli  degree. 


Of 
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Of  the  Telescopic  Appearance  of  the 

Planets. 

I 

By  means  of  the  telefcope,  we  are  enabled,  in 
fome  meafure,  to  afeend  into  the  celeflial  region, 
and  view  the  fun,  moon,  and  Bars,  as  they  would 
appear  to  us  if  they  were  brought  fo  many  times 
nearer  to  us  as  the  telefcope  magnifies ; the  light 
proceeding  from  the  luminary  we  are  looking  at, 
being  diminilhed  in  the  fame  proportion. 

The  telefcope  is  one  of  thofe  difeoveries,  of 
which  no  idea  could  have  been  formed,  previous 
to  the  period  in  which  the  Supreme  Being  was 
pleafed  to  unveil  to  the  human  mind  fome  of  the 
myflerious  powers  of  glafs  : the  importance  of 
this  difeovery,  and  the  extent  to  which  it  may  be 
carried,  (till  lie  hid  among  the  fecrets  of  infinite 
wifdom. 

V/hen  w*e  look  at  tne  fun  through  a telefcope 
even  of  moderate  power,  the  eye  being  defended 
by  a piece  ot  coloured  or  fmoked  glals,  nay,  even 
by  the  naked  eye,  when  guarded  in  the  fame  man- 
ner,  we  difeover  on  his  furface  many  black  * or 
rather  lefs  bright  fpots,  of  various  fizes  and 
lhapes.  Sometimes  thefe  fpots  will  vandh  in  a 
ver>  fhort  time  after  their  hrll  appearance  ■,  fome- 


times 
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times  they  travel  over  his  whole  difk,  or  vifible 
furface,  from  well  to  eaft,  when  they  difappear, 
and  in  twelve  or  thirteen  days  they  appear  again, 
fo  as  to  be  known,  by  their  magnitude  and  figure, 
to  be  thofe  that  had  difappeared  before.  Thofe, 
however,  which  are  of  the  longed  continuance, 
do  not  appear  to  have  much  folidity  of  confid- 
ence, for  in  a little  time  they  alfo  vanifh,  and  be- 
come bright  like  the  red  of  the  fur  face. 

Thefe  fpots  are  more  frequent  at  fome  periods 
than  at  others;  in  fome  years,  the  fun’s  dilk  has 
for  many  months  been  perfeBly  free  from  them  ; 
in  others,  he  has  for  months  been  more  or  lefs 
obfeured  by  fpots : the  mod  remarkable  pheno- 
mena of  thefe  fpots,  as  obferved  by  Schemer  and 
Hevelius,.  are  as  follow:  i.  Every  fpot,  which 
has  a nucleus,  or  dark  part,  hath  alfo  an  umbra, 
or  fainter  fhade,  furrounding  it.  2.  The 
boundary  betwixt  the  nucleus  and  umbra  is  al- 
ways didind  and  well-defined.  3.  The  increafe 
of  a fpot  is  gradual,  the  breadth  of  the  nucleus 
and  umbra  dilating  at  the  fame  time.  4.  In  like 
manner,  the  decreafe  of  a fpot  is  gradual,  the 
breadth  of  the  nucleus  and  umbra  diminidhng 
at  the  fame  time.  5.  The  exterior  boundary  of  the 
umbra  never  confids  of  lharp  angles,  but  is  al- 
ways curvilinear,  how  irregular  foever  the  outfide 
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'of  the  nucleus  may  be.  6.  The  nucleus  of  a 
lpot,  whilft  on  the  decreafe,  often  changes  it’s 
figure,  by  the  umbra  incroaching  irregularly 
upon  it,  infomuch  that  in  a fmall  fpace  of  time 
new  incroachments  are  difcernible,  whereby  the 
boundary  between  the  nucleus  and  the  umbra  is 
perpetually  varying^  7.  It  often  happens,  that 
by  thefe  incroachments  the  nucleus  of  a fpot  is 
divided  into  two  or  more  nuclei.  8.  The  nuclei 
of  the  fpots  vanifh  before  the  umbra.  9.  Small 
umbrae  are  often  feen  without  nuclei.  10.  A 
large  umbra  is  feldom  feen  without  a nucleus  in 
the  middle  of  it.  11.  When  a fpot,  which  con- 
fided of  a nucleus  and  an  umbra,  is  about  to  dif- 
appear,  it  it  be  not  fucceeded  by  a facula,  or 
fpot,  brighter  than  the  reft  of  the  difk,  the 

place  it  occupied  is  in  a very  little  time  not  ’to  be 
perceived. 


In  the  Philof.  Tranf.  vol.  !xiv.  the  reader  will 
find  feveral  curious  obfervations  on  thefe  fpots, 
by  Piofelfor  Wilfon,  and  the  Rev.  Mr.  Wolafton’ 
The  latter  gentleman  fays,  he  once  faw,  with  a 

twe  ve  inch  refleftor>  a fpM  burft  t; 

1 e he  was  looking  at  the  fun  ; the  appearance 

» him  as  thatofapiece  of  icc,  when  dallied 

, * f‘0Zen  P°nd.  "'hich  breaks  to  pieces,  and 
Ihdes  m various  directions. 

0 The 
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The  fpots  are  by  no  means  confined  to  one  part 
of  the  fun’s  difk,  though  we  do  not  know  that 
any  have  been  obferved  about  his  polar  regions. 
Though  their  direction  is  from  eaft  to  wed,  yet 
the  paths  they  defcribe  in  their  courfe  over  the 
difk,  are  exceedingly  different,  fometimes  being 
in  flrait  lines,  fometimes  in  curves ; at  one  time 
defcending  from  the  northern  to  the  fouthern  part 
of  the  difk,  at  other  times  afcending  from  the 
fouthern  to  the  northern  part. 

The  larger  fpots,  mod  of  which  exceed  the 
whole  earth  in  apparent  magnitude,  lad  a con- 
dderablc  time,  fometimes  three  months  before 
they  difappear,  at  which  time  they  are  generally 
converted  into  fpots  exceeding  the  red  ol  the'fun 
in  brightnefs.  The  general  opinion  concerning 
their  nature  is,  that  they  are  volcanoes,  or  burn- 
ing mountains,  of  immenfe  dze ; and  that  when 
the  eruption  is  nearly  ended,  and  the  fmoke  dil— 
fipated,  the  fierce  flames  are  expofed,  and  appear 
as  luminous  fpots.  Dr.  Wilfon  luppofes  them, 
on  the  other  hand,  to  be  excavations  in  the  lu- 
minous matter  (or  atmofphere)  that  environs  the 
body  of  the  lun. 

,£  The  obfervations  which  might  with  fullnefs 
of  evidence  confirm  the  opinion  of  planetary 

worlds, 
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worlds,  fecm  to  be  placed  out  of  our  reach,  and 
we  can  fcarce  hope  to  make  our  optical  inftru- 
merits  fufficiently  perfedt,  to  render  the  inhabi- 
tants thereof  vilible  to  us.  All,  therefore,  that 
we  can  do,  is  to  examine  if  the  planets  are 
accommodated  with  thofe  things  which  we  are 
ufed  to  confider  as  necellary  to  animal  exigence. 

4 

Lands,  feas,  clouds,  vapours,  and  an  atrnofphere, 
or  body  of  air,  are  objedts  that  we  may  expect  to 
find  on  the  face  of  an  habitable  world.” 

The  moon  being  fo  very  near  us,  and  likewife 
in  the  fame  temperature  as  to  light  and  heat,  firft 
prefents  itfelf.  When  we  look  at  her  with  the 
naked  eye,  we  difeern  a great  number  of  irregular 
fpots  on  her  difk,  diftinguifhed  by  their  dark, 
colour  from  the  brighter  or  more  glaring  parts  ; 
but  when  viewed  through  a telefcope,  their  num- 
ber is  prodigioufly  increafed;  and  it  is  perceived, 
that  many  of  thefe  appearances  are  occafioned  by 
vaft  obfeure  pits  or  cavities,  and  elevations  or 
mountains. 

Thefe  mountains  and  cavities  are  known  to  be 
fuch,  from  the  fliadow  they  ca ft.  In  the  firft  and 
fecond  quarters,  when  the  light  of  the  fun  falls 
obuquely  upon  them,  the  elevated  parts  caff  a 
triangular  fliadow  on  the  fide  oppofiteto  the  fun  ; 

O 2 whereas. 
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whereas,  with  refpedl  to  the  cavities,  thefe  have 
that  fide  which  is  oppofite  to  the  fun  illuminated, 
and  that  which  is  next  the  fun  is  dark  and  ob- 
fcure,  the  fame  as  would  happen  to  a hollow 
bafon,  placed  on  a table  at  fome  difiance  from  a 
candle,  in  a room  where  there  is  no  other  light. 
The  fhadows  fhorten  as  the  fun  becomes  more 
diredtly  oppofed  to  the  anterior  lace  of  the  moon, 
and  at  length  difappear  at  the  time  of  the  lull. 
During  the  third  and  laft  quarters,  the  fhadows 
appear  again,  but  all  fall  towards  the  contrary 
fide  of  the  moon,  though  (bill  with  the  fame 
diftin&ion,  namely,  that  the  mountains  are  dark 
and  fhady  on  the  fide  fartheft  from  the  fun,  and 
the  pits  are  dark  on  the  fide  next  the  lun. 

The  full  moon  is  a very  pleafing  fight  through 
a telefcope,  and  has  a great  variety  of  luftre  and 
colour  ; but  it  is  not  the  face  on  which  to  difeover 
the  mountains,  thefe  arc  belb  feen  at  the  increafe 
or  decreafe;  for  befides  the  evidence  derived 
from  the  fhadows,  we  may  then  fee  the  tops  ol 
thefe  mountains  catching  the  rays  of  the  fun  be- 
fore they  reach  that  part  of  the  fur  face  on  which 
their  bottoms  are  placed. 

On  April  19,  1787,  Dr.Herfchel  obfervedfome 

appearance  on  the  lurlace  of  the  moon,  which, 

judging 
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judging  by  analogy  from  things  perceived  here 
with  us,  he  thought  he  might  term  volcanoes. 
Three  of  thefe  he  obferved  in  different  places  of 
the  dark  part  of  the  moon  ; two  of  them  appeared 
nearly  extineft,  or  going  to  break  out;  the  third, 
as  an  adtual  eruption  of  fire,  or  luminous  matter. 
On  the  20th  it  burnt  with  greater  violence,  and 
might  be  computed  to  be  about  three  miles  in 
diameter;  the  eruption  refembled  a piece  of 
burning  charcoal,  covered  by  a thin  coat  of  white 
allies;  all  the  adjacent  parts  of  the  volcanic 
mountain  were  faintly  illuminated  by  the  erup- 
tion, and  were  gradually  more  obfeure  as  they 
lay  at  a greater  difiance  from  the  crater.  Dr. 
Herfchel  had,  in  1783,  obferved  an  eruption, 
fomewhat  fimilar  to  that  of  the  foregoing 
volcano, 

1 

That  the  moon  is  furrounded  by  an  atmofphere, 
is  rendered  probable  by  many  obfervations  of 
folar  eclipfes,  in  which  the  edge  or  limb  of  the  fun 
was  obferved  to  tremble  juft  before  the  beginning. 
The  planets  aie  hkcwile  obferved  to  change  their 
figure  from  round  to  oval,  juft  before  the  begin- 
ning of  an  occultation  behind  the  moon,  which 
can  be  attributed  to  no  other  caufe  than  that  their 
hgnt  is  re  framed  by  being  feen  through  the 
moon  s atmofphere.  That  we  fee  no  clouds,  will 
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not  appear  furprizing,  if  we  confider  that  the 
lunar  days  and  nights  are  thirty  times  as  long  as 
our’s;  it  will  be  eafy  to  conceive,  that  with  them 
the  phenomena  of  vapours  may  be  very  different 
from  what  they  are  with  us ; perhaps  their  clouds 
and  rain,  if  any,  may  be  condenfed  into  vifible 
quantities  only  during  the  abfence  of  the  fun,  and 
of  courfe  when  they  muff  be  invifible  to  us. 

Mercury  being  at  all  times  near  the  fun,  we 
can  only  diffinguifh  by  the  telefcope  a variation 
of  his  figure,  which  is  fometimes  that  of  a half 
moon,  fometimes  a little  more  or  lefs  than  half. 

Venus,  when  in  the  form  of  a crefcent,  and  at 
her  brightefh  times,  affords  a more  pleafing 
telefcopic  view  than  any  other  of  the  heavenly 
bodies  ; her  furface  is  diverfified  with  fpots,  like 
thofe  of  the  moon  ; by  the  motion  of  thefe,  the 
time  fhe  takes  up  in  revolving  upon  her  axis  is 
difeovered.  With  a powerful  telefcope,  moun- 
tains,  like  thofe  in  the  moon,  may  be  feen. 

Mars  appears  always  round  and  full,  except  at 
the  time  of  the  quadrature,  when  it’s  difk  ap- 
pears like  that  of  the  moon  about  three  days  after 
the  full.  By  the  fpots  which  are  feen  on  it’s  fur- 
face,  it’s  diurnal  revolution  has  been  afeertained. 

From 


ASTRONOMICAL  ESSAYS.  21J 

From  it’scharadleriflic  ruddinefs,  and  from  other 
phenomena,  it  has  been  fuppofed  that  it’s  atmo- 
fphere  is  nearly  of  the  fame  denlity  with  our’s. 
Dr.  Herfchcl  has  obferved  tvAO  w hite  luminous 
circles  furrounding  the  poles  oi  this  planet; 
thefe  are  fuppofed  to  arife  from  the  fnow  ly- 
ing about  thofe  parts. 

The  appearance  of  Jupiter  through  a telefcope, 
opens  a vad  held  for  fpeculative  inquiry.  The 
furface  is  not  equally  bright,  but  is  dihinguiflied 
by  certain  bands,  or  belts,  of  a dufkier  colour 
than  the  red  of  the  furface,  running  parallel  to 
each  other,  and  to  the  plane  of  it's  orbit.  They 
are  not  regular  or  condant  in  their  appearance  ; 
fometimes  only  one  is  feen,  at  other  times  eight 
have  been  feen  ; fometimes  one  or  more  fpots  are 
formed  between  the  belts,  which  increafe  till  the 
whole  is  united  in  one  large  dufky  band.  There 
are  alfo  bright  fpots  to  be  difeovered  on  Jupiter’s 
furface  ; thefe  are  rather  more  permanent  than 
the  belts,  and  re-appear  after  unequal  intervals 
of  time.  The  remarkable  fpot,  by  w hofe  mo- 
tion the  rotation  of  Jupiter  on  his  axis  was  afeer- 
tained,  difappeared  in  1694,  and  was  not  feen 
again  till  1708,  when  it  re-appeared  exaflly  in 
the  fame  place,  and  has  been  occadonally  feen 
ever  lince.  1 he  difappearance  and  re-appearing 
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ofthe-%>ots  is  not  fo  wonderful  as  the  changes 
that  have  been  obferved  in  the  belts;  the  elder 
Caflini  faw  one  evening  five  belts  upon  the  planet, 
but  while  he  was  viewing  them,  they  underwent 
the  mod;  furprizing  change.  In  an  hour  from 
their  lulled  appearance  there  remained  only  three 
Out  ot  five,  and  one  of  thefe  fcarce  perceptible. 

Though  the  great  didance  of  the  planet  Saturn, 
and  the  tenuity  of  it’s  light,  do  not  permit  us  to 
didinguilh  the  varieties  of  it’s  furface;  yet  lomc 
of  t he  hrd  difeoveries  made  by  the  telefcope  were 
on  this  planet,  and  the  ring  is  dill  one  of  the 
mod  curious  phenomena  we  are  acquainted 
with.  There  is  not,  indeed,  any  thing  in  the 
whole  fydem  of  nature  more  wonderful  than  this 
ring,  which  appears  nearly  as  bright  as  any  part 
of  the  furface  of  the  planet ; by  what  means  it  is 
fufpended,  or  by  what  law  fupported ; whether  it 
is  only  a bright  but  permanent  cloud,  or  whether 
it  is  a vad  number  of  fatellites  difpofed  in  the 
fame  plane,  whofe  blended  light  gives  it  to  us  the 
form  of  one  continual  body,  we  can  only  form 
crude  conjecture.  M.  Medier  has  obferved  on 
the  anfes  of  this  ring,  feveral  luminous  white 
twinkling  points,  differing  in  vivacity  from  each 
other.  > 
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Of  Comets. 

Comets  are  a kind  of  fiars,  appearing  at  unex- 
pected times  in  the  heavens,  and  of  fmgular  and 
various  figures,  defending  from  far  diftant  parts 
of  the  fyfiem,  with  great  rapidity,  furprizing  us 
with  the  finguiar  appearance  of  a train,  or  tail; 
and  after  a fhort  flay,  are  carried  off  to  diflant 
regions,  and  difappear. 

They  were  imagined  in  ancient  times  to  be 
prodigies  hung  out  by  the  immediate  hand  of 
God  in  the  heavens,  and  intended  to  alarm  the 
world.  I heir  nature  being  now  better  under- 
flood,  they  are  no  longer  terrible.  But  as  there 
are  {fill  many  who  think  them  to  be  heavenly 
warnings,  portents  of  future  events,  it  may  not 
be  improper  for  the  tutor  to  inform  his  pupil, 
that  the  Architect  of  the  univerfe  has  framed 
every  part  according  to  divine  order,  and  fub^ 
jedted  all  things  to  laws  and  regulations : that  he 
does  not  hurl  at  random  Bars  and  worlds,  and 
diforcer  the  fyfiem  of  the  whole  glorious  frame, 
to  produce  falfe  apprehenfions  of  difiant  events, 
fears  without  foundation,  and  without  ufe.  Re-, 
hgion  glories  in  the  tell  of  rcafon,  of  knowledge, 
and  of  true  wifdom  ; it  is  every  way  connected 
wnn,  and  is  always  elucidated  by  them.  From 
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philofophy  we  may  learn,  that  the  more  the 
works  of  the  Lord  are  underftood,  the  more  he 
mud  be  adored  ; and  that  his  fuperintendency 
over  every  portion  is  more  clearly  evinced,  and 
more  fully  cxprefled  by  their  unvaried  courfe, 
than  by  ten  thoufand  deviations. 

The  exigence  of  an  univerfal  connection  be- 
tween all  the  parts  of  nature  is  now  generally 
allowed.  Comets  undoubtedly  form  a part  of 
this  great  chain  ; but  of  the  part  they  occupy, 
and  of  the  ufes  for  which  they  cxilV,  we  are 
equally  ignorant.  It  is  a portion  of  fcience  whofe 
perfection  is  referved  for  fome  diftantday,  when 
thefe  bodies  and  their  vaft  orbits  may,  by  long 
and  accurate  observation,  be  added  to  the  known 
parts  of  the  folar  fyftem. 

The  aftronomy  of  comets  is  very  imperfect ; 
for  but  little  can  be  known  with  certainty,  where 
but  little  can  be  feen.  Comets  afford  few  obfer- 
vations  on  which  to  ground  conjecture,  and  arc 
for  the  greateft  part  of  their  courle  beyond  the 
reach  of  human  vifron. 

It  is,  however,  now  generally  fuppofed,  that 
they  are  planetary  bodies,  making  part  of  our 

fyftem,  revolving  round  the  fun  in  extremely  long 
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elliptic  curves.  That  as  the  orbit  of  a comet  is 
more  or  lefs  exccntrio,  thediftance  to  which  they 
recede  from  the  lun  will  be  greater  or  lefs.  Very 
great  difference  has  been  found  by  obfervation  in 
this  refpedt,  even  fo  great,  that  the  fides  of  the 
elliptic  orbit  in  fome  cafes  degenerate  almoft  into 
right  lines. 

That  thofe  comets  which  go  to  the  greatefl 
diftance  from  the  fun,  approach  the  neareft  to 
him  at  their  return. 

Their  motions  in  the  heavens  are  not  all  direT, 
or  according  to  the  order  of  the  figns,  like  thofe 
of  the  other  planets.  The  number  of  thofe  which 
move  in  a retrograde  manner,  is  nearly  equal  to 
thofe  whofe  motion  is  diredt. 

The  orbits  of  mofl  of  them  arc  inclined  in  verv 
large  angles  to  the  plane  of  the  ecliptic. 

The  velocity  with  which  they  move  is  variable 
in  every  part  of  their  orbit;  when  they  are  near 
tne  fun,  they  move  with  incredible  fwiftnefs ; 
when  very  remote  from  him,  their  motiorwjs  in- 
conceivably how’. 
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They  differ  alfo  in  form  from  the  other  planets, 
conftfting  of  a large  internal  body,  which  fhines 
with  the  reflected  light  of  the  fun,  and  is  encom- 
pafted  with  a very  large  atmofphere,  apparently 
of  a fine  matter,  replete  with  clouds  and  vapours  ; 
this  is  called  the  head  of  the  comet,  and  the  in- 
ternal  part  the  nucleus.  When  a comet  arrives 
at  a certain  diftance  from  the  fun,  an  exhalation 
arifes  from  it,  which  is  called  the  tail. 

The  tail  is  always  dire&ed  to  that  part  of  the 
heavens  which  is  dirccftly  or  nearly  oppofite  to  the 
fun,  and  is  greater  after  the  comet  has  pad  it’s 
perihelium,  than  in  it’s  approach  to  it,  being 
greateft  of  all  when  it  has  juft  part  the  perihelium. 

No  fatisfadory  knowledge  has  been  acquired 
concerning  the  caufeof  that  train  of  light  which 
accompanies  the  comets.  Some  philofophers 
imagine  that  it  is  the  rarer  atmofphere  of  the 
comet  impelled  by  the  fun's  rays.  Others,  that 
it  is  the  atmofphere  of  the  comet,  fifing  in  the 
folar  atmofphere  by  it’s  fpecific  levity ; while 
others  imagine  that  it  is  a phenomenon  of  the 
fame  kind  with  the  aurora  borealis ; and  that  this 
earth  would  appear  like  a comet  to  a fpedatpr 
placed  in  another  planet. 


The 
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The  number  of  the  comets  is  certainly  very 
great,  confiderably  beyond  any  effimation  that 
might  be  made  from  the  cbfervations  we  now 
poffefs. 

Of  a Plurality  of  Worlds. 

The  fixed  ftars  are  generally  fuppofed  to  be  of 
the  fame  nature  with  our  fun,  each  of  them  at- 
tended by  planets,  which  are  inhabited  by  rational 
creatures  like  this  earth, 

Inftead,  therefore,  of  one  fun,  and  one  world, 
we  find  that  the  region  of  unbounded  fpace  is 
peopled  with  funs,  and  liars,  and  worlds.  This 
opinion  has  been  held  and  taught  by  many  of  the 
moft  celebrated  philofophers  and  afironomers, 
both  in  ancient  and  modern  times : in  this  view 
of  things,  our  fyftem  refembles  a {ingle  individual 
of  fome  one  fpecies  of  being  in  outward  nature, 
diverfified  from  all  it’s  fellow  individuals,  by 
differences  uneffential  to  the  kind  and  fpecies ; 
but  which  conflitute  that  beauty,  which  arifes 
from  uniformity  amid  ft  variety. 

That  the  fixed  ftars  are  funs,  fhining  by  their 
own  light,  is  probable,  on  account  of  their  im- 
me nfe  diflancc  from  us ; for  as  it  is  impoffible 

that 
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that  at  thcfe  distances  they  could  be  fcen  by  any 
reflexion  of  light  from  the  fun,  it  is  natural  to 
fuppoie  them  endowed  with  a power  ol  emitting 
light  from  their  own  bodies.  By  comparing  the 
apparent  diameter  of  objects  at  different  enhances, 
it  is  clear  that  our  fun  would  appear  like  a Bar, 
were  he  removed  to  the  diftance  at  which  they  are 
placed  ; and  that  therefore  it  is  truly  reafonable 
to  fuppofe,  that  the  fixed  Bars  arc  equal,  if  not 
fuperic  r in  magnitude  to  that  which  is  the  center 
of  our  fyfiem  ; and  that  they  are  made  for  the 
fame  purpofes  with  the  fun,  to  befiow  light,  heat, 
and  vegetation,  on  a certain  number  of  planets 
revolving  round  them. 

Of  their  immenfe  difiance  from  us,  and  the 
vafinefs  of  the  fpace  they  occupy,  the  reader  may 
form  fome  idea,  when  he  is  told,  that  numbers 
amongfi:  them  are  at  too  great  a difiance  to  be 
adequately  exprefied  by  figures,  and  beyond  the 
reach  of  admeafurement ; and  this  will  be  height- 
ened, if  he  confiders  that  the  fmalleft  of  the  fiars 
vifible  to  the  eve  are  much  more  remote  than  the 

j 

larger  ones,  and  that  the  telefcope  difeovers  fiars 
which  are  too  diftant  to  be  perceptible  to  the 
naked  eye.  That  the  infirument,  like  our  eyes, 
has  it’s  limits ; but  the  extent  of  the  heavens  has 
no  bounds. 

The 
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The  fixed  dars  being  fo  far  removed  from,  and 
for  the  mod  part  invibble  to  us,  it  can  fcarcely 
be  conceived  by  the  narrowed  mind,  that  they 
form  a part  of  our  fydem,  or  were  created  only  to 
give  a faint  glimmering  light  to  the  inhabitants  of 
this  globe;  for  one  additional  moon  would  have 
afforded  us  more  light  than  the  whole  hod  of 
dars  ; fuch  an  opinion  is  unworthy  of  our  reafon, 
inadequate  to  our  conceptions  of  the  Deity.  It 
would  be  alfo  abfurd  to  fuppofe  that  the  author 
of  nature  had  made  fo  many  funs  without  planets, 
to  be  enlightened  by  their  light,  and  vivified  by 
their  heat ; but  more  fo,  to  imagine  fo  many 
habitable  worlds  enlightened  by  funs  without  in- 
habitants ; we  may,  therefore,  fafely  conclude, 
that  all  the  planets,  of  every  fydem,  are  in- 
habited. 

This  reafoningis  dill  further  drengthened,  by 
confidering  the  immenfity  of  the  darry  heavens, 
in  which  are  innumerable  hods  of  dars,  created 
as  the  means  to  fome  great  end.  From  revela- 
tion we  learn,  that  the  ultimate  end  of  creation  is 
the  peopling  of  heaven  with  men.  Thefe  re- 
splendent funs  are  clearly  then  the  mediums  of 
exidence  to  fo  many  earths,  and  of  men  upon 
them,  created  to  be  happy  eternally  with  their 
Cod,  THE  ONE  ETERNAL  THIRST  TO  BLESS.  ’’ 

“ Every 
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" Every  liar  is  thus  the  center  of  a magnificent 
fyftiem,  attended  by  a retinue  of  worlds,  irradiated 
by  it’s  beams,  and  revolving  round  by  it’s  a&ive 
influence.”  Thus  the  greatnefs  of  God  is  magni- 
fied, and  the  grandeur  of  his  empire  made  mani- 
fefi.  Tie  is  not  glorified  on  one  earth,  or  in  one 
world,  but  in  ten  thoufand  times  ten  thoufand. 
“ if  we  could  wing  our  way  to  the  highefl:  ap- 
parent flar,  we  fliould  there  fee  other  fkies 
^expanded,  other  funs  that  diflribute  their  inex- 
fiauflible  beams  of  day  ; other  flars,  that  gild  the 
alternate  night,  and  other  (perhaps  nobler) 
fyflcms  eflablifhed  in  unknown  profufion, 
through  the  boundlefs  dimenfions  of  fpace.  Nor 
does  the  dominion  of  the  Sovereign  of  all  things 
terminate  here  ; even  at  the  end  of  this  vail  tour 
we  fliould  find  ourfelves  advanced  no  further 
than  the  frontiers  of  creation,  the  commence- 
ment of  the  great  Jehovah's  kingdom/’ 

9 

This  mode  of  reafoning  applies  with  greater 
force  to  the  planets  of  our  own  fyflem,  and  gains 
additional  ftrength  from  other  confiderations. 
For  who  would  venture  to  affcrt,  that  infinite 
love  and  confummate  wifdom  had  formed  fuch 
immenfe  material  maflcs,  fome  of  which  exceed 
our  earth  in  fize,  convey  them  in  revolutions 
round  the  fun,  fur  mill  them  with  moons,  grant 

them 
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them  the  alternate  changes  of  night  and  day, 
viciffitudes  of  feafons,  and  all  this  only  to  emit 
their  fcanty  light  on  our  earth. 

Or  who  that  has  fccn  any  engine,  a windmill 
for  inftance,  and  who  knows  the  ufe  of  it,  if  he 
travels  into  another  country,  and  there  fees  an- 
engine  of  the  fame  fort,  will  not  reafonably  con- 
clude that  it  is  deligned  for  the  fame  purpofe  ? 
So  when  we  know  that  the  ufe  of  this  planet, 
the  earth,  is  for  an  habitation  of  various  forts  of 
animals,  and  w^e  fee  other  planets  at  a diflance 
from  us,  fome  bigger,  fome  lefs  than  the  earth, 
moving  periodically  round,  revolving  on  their 
axes,  and  attended  with  moons ; is  it  not  highly 
reafonable  to  conclude,  that  they  are  all  deligned 
for  the  fame  ufe  as  this  earth  is,  and  that  they  are 
habitable  worlds  like  that  we  live  in. 

*r  Who  can  conceive  them 

* unpoffefs’d 

By  living  foul,  defert  and  defolate. 

Only  to  fhine,  yet  fcarce  to  contribute 
Each  orb  a gleam  of  light  ?” 

Or  that  the  Almighty,  who  has  not  left  with 
ns  a drop  of  water  unpeopled,  who  has  in  every 
mllance  multiplied  the  bound  of  life,  Ihould  leave 

P fuch 
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fuch  immenfe  bodies  deftitute  of  inhabitants?  It 
is  furelv  much  more  rational  to  fuppofe  them 
the  poffelTion  of  human  beings,  beings  formed 
with  capacities  for  knowing,  loving,  and  ferving 
their  Almighty  Creator  ; bleft  and  provided 
with  every  objedh  conducive  to  their  happinefs, 
and  many  of  them  in  a far  greater  hate  of  purity 
than  the  inhabitants  of  our  earth,  and  therefore 
in  polfeflion  of  higher  degrees  ot  blifs,  and  placed 
in  lituations,  furnifhing  them  with  feenesofjoy, 
equal  to  all  that  poetry  can  paint,  or  religion  pro- 
mi  fe : all  under  the  direction,  indulgence,  and 
protedion  of  infinite  wifdom  and  goodnefs. 

A COMPREHENSIVE  SURVEY  OF  THE  UNIVERSE. 

I 

As  this  work  is  principally  intended  for  young 
minds,  the  following  view  of  the  univerfe,  by 
the  amiable  philofopher  of  Geneva,  Mr.  Bonnet, 
cannot  but  prove  acceptable  to  the  reader,  not 
only  becaufe  it  will  ferve  as  a recapitulation  of 
what  has  gone  before,  but  as  it  will  tend  to  en- 
large his  ideas,  and  increafe  his  veneration  for 
the  Father  of  all  beings. 

When  the  fhades  of  night  have  fpread  their 
veil  over  the  azure  plains,  the  firmament  marfi- 
ftfts  to  our  view  it’s  grandeur  and  it’s  riches. 

The 
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The  (park ling  points  with  which  it  is  Town,  are 
fo  many  suns  fufpended  by  the  Almighty  in 
the  immenfiry  of  fpace,  to  give  light  and  heat  to 
the  worlds  which  roll  around  them. 

The  heavens  declare  the  glory  of  God, 

AND  THE  FIRMAMENT  SHEWETH  HIS  HANDY' 

work.  The  royal  poet,  who  exprefled  himfelf 
with  Rich  Ioftinefs  of  fenriment,  was  ignorant 
that  the  liars  he  contemplated  were  in  reality  funs. 
He  anticipated  the  times,  and  firft  fung  that  ma- 
jeltic  hymn,  wfoich  future  and  more  enlightened 
ages  fhould  chaunt  forth  in  praife  to  the  founder 

OF  WORLDS. 


The  affemblage  of  thefe  vaft  bodies  is  divided 
into  different  fyftems,  the  number  of  which  pro- 
bably furpaifes  the  grains  of  fand  which  the  fea 
calls  on  it’s  lhores. 

Each  fyflem  has  at  it  s center,  or  focus,  a flar, 
or  fun,  which  fhines  by  it’s  native  inherent  light  £ 
and  round  which,  feveral  orders  of  opake  globes 
revolve,  reHetfing,  with  more  or  lefs  brilliancy, 

the  light  they  borrow  from  it,  and  which  renders 
them  vifible. 
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Thofe  globes  which  we  perceive  as  wandering 
among  the  heavenly  hod,  are  the  planets;  the 
primary,  or  principal  ones,  have  the  fun  lor  the 
common  center  of  their  periodical  revolution; 
while  'the  others,  which  are  called  fecondaries, 
move  round  their  primaries,  accompanying  them 
*5  satellites  in  their  annual  revolution. 

, The  earth  has  one  fatellite,  Jupiter  four,  Saturn 
five,  and  the  Georgium  Sidus  two;  Saturn  has 
befides  a luminous  and  beautiful  rmg. 

Wc  know  that  our  folar  fyftem  con  fids  of 
twenty  planetary  bodies  ; we  are  not  certain  but 
that  there  may  be  more.  1 heir  number  has  been 
do n fid er ably  augmented  fihee  the  invention  of 
telefaxes;  more  perfect  indruments,  and  more 
accurate  obfervers,  may  further  increaie  their 
number;  the  difcovery  of  the  Georgium  Sidus 
may  be  looked  upon  as  the  happy  prelage  of 
future  fucc efs. 

Modern  adrenomy  has  not  only  enriched  our 
heavens  with  new  planets,  but  it  has  alfo  enlarged 
the  boundaries  of  the  lolar  lydem.  I he  comets, 
which  from  their  fallacious  appearance,  their 
tail,  their  beard,  the  diversity  ot  their  diicxtions, 

their  Hidden  appearance  and  difappea ranee,  have 

been 
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been  conlidered  as  meteors,  lighted  up  in  the 
air  by  an  irritated  power,  are  found  to  be  a 
fpecies  of  planetary  bodies,  whole  long  routes 
arc  now  calculated  by  allronomers ; they  alio 
foretel  their  difhint  return,  determine  their  place, 
and  account  for  their  irregularities.  Many  of 
thefe  bodies  at  prefent  acknowledge  the  empire  of 
our  fun,  though  the  orbits  they  trace  round  him 
arefo  extenlive,  that  many  ages  are  neceflary  lor 
the  completion  of  a revolution. 

In  a word,  it  is  from  modern  aflronomy  that 
W'e  learn  that  the  liars  are  innumerable,  and  that 
the  conllellations,  in  which  the  ancients  reckoned 
but  a few,  are  now  known  to  contain  thoufands. 
The  heavens  cl  I hales  and  Hipparchus  w ere 
very  pcor  when  compared  to  thole  of  Tycho 
Brahe,  Flamltead,  de  La  Caillc,  and  ITerfchel. 

I he  diametei  oi  the  great  orbit  which  our  earth 
deferibes,  is  more  than  many  millions  of  leagues; 
yet  this  vail  extent  vamfhes  into  nothing,  and 
becomes  a mere  point,  when  the  aftronomer 
wifnes  to  ufe  it  as  a meafure,  to  afeertain  the 
diflance  of  the  fixed  liars. 

How  great  then  is  the  real  bulk  of  thefe  lu- 
minaries, which  are  perceptible  b/  us  at  fiich 

^ 3 an 
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an  enormous  diftance ! the  fun  is  about 
J>392>S9°  times  greater  than  the  earth,  and 
539 1 times  greater  than  all  the  planets  taken  to- 
gether. If  the  ffars  are  funs,  as  we  have  every 
reafon  to  fuppofe,  they  mult  either  be  equal  to, 
or  exceed  it  in  lize. 

Proud  and  ignorant  mortal  ! lift  up  now  thine 
eyes  to  heaven,  and  anfwer  me  : if  one  of  thofe 
luminaries  which  adorn  the  {tarry  heaven,  fhould 
be  taken  away,  would  thy  nights  become  darker  ? 
Say  not  then,  that  the  liars  are  made  lor  thee ; 
that  it  is  for  thee  that  the  firmament  glitters 
with  effulgent  bnghtnefs : feeble  mortal ! thou 
wert  not  the  chief  object  of  t he  liberal  bounties  of 
the  Creator,  when  he  appointed  Syrius,  and  en- 
compared  it  with  worlds. 

Whilft  the  planets  perform  their  periodical 
revolutions  round  the  fun,  by  which  the  courfe 
of  their  year  is  regulated,  they  turn  round  upon 
their  axes,  a motion  by  which  they  obtain  the 
alternate  fucceffion  of  day  and  night. 

But  by  what  means  are  thefe  vaft  bodies  fuf? 
pended  in  the  immenfity  of  fpace  ? What  fecret 
power  retains  them  in  their  orbits,  and  enables 
jf-.hem  to  circulate  with  fo  much  regularity  and 

harmony  ? 
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harmony  ? Gravity,  or  attraction,  is  the 
powerful  agent,  the  univerfal  principle  of  this 
equilibrium,  and  of  thele  motions,  it  penetrates 
intimately  all  bodies.  By  this  power,  they  lend 
toward  each  other  in  a proportion  relative  to  their 
bulk.  Thus  the  planets  tend  towards  the  center 
ot  the  fy ft  m,  into  which  they  would  foon  have 
been  precipitated,  if  the  Creator,  when  he 
formed  them,  had  not  impreffed  upon  them  a 
projectile  or  centrifugal  force,  which  continually 
keeps  them  at  a proper  diltance  from  the  center. 

The  planets,  by  obeying  at  the  fame  inftant 
each  of  thefe  motions,  are  made  to  deferibe  a 
curve.  T his  curve  is  an  ellipfe,  o(  different  cx- 
centricities,  according  to  the  combination  of  the 
aCtive  powers.  At  one  of  the  foci  of  this  ellipfe 
the  fun  is  placed.  Thus  the  fame  force  which 
determines  the  fail  of  a Bone,  is  the  ruling  prin- 
ciple of  the  heavenly  motions.  Wonderful 
mechanifm ! whole  fimphcity  and  energy  give# 
us  unceafing  tokens  of  the  profound  wisdom  or 
it’s  author. 

The  earth,  which  feems  fo  vaft  in  the  eyes  of 
the  emmets  who  inhabit  it,  and  whofe  diameter 
is  above  7970  miles,  is  yet  near  a thoufand  times 

P 4 fmaller 
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fmallcr  than  Jupiter,  who  appears  to  the  naked 
eye  as  little  more  than  a fhining  atom. 

Two  troops  of  academicians,  new  Argonauts, 
have  had  within  this  century  the  glory  of  deter- 
mining the  figure  of  the  earth,  and  have  demon- 
ftrated  it  to  be  a fpheroid,  flattened  at  the  poles, 
elevated  at  the  equator.  But  Newton  has 
acquired  a (till  greater  glory,  that  of  difeovering, 
by  the  powers  of  genius,  the  fame  truth  previous 
to  obfervation.  This  figure  is  ajfo  the  effect  of 
gravity,  combined  with  the  centrifugal  force. 
Thefc  two  powers  adfing  in  different  proportions, 
on  different  planets,  vary  their  figure,  and  change 
them  into  fpheroids,  more  or  lefs  flat,  at  the 
fame  time  that  they  contract:  or  dilate  their 
orbits. 

This  terraqueous  globe  is  externally  divided 
by  land  and  feas.  It  is  internally  formed  (at  leaft 
to  a certain  depth)  into  beds  of  heterogeneous 
matter;  the  beds  are  almofl:  parallel,  but  of 
different  denfities  and  textures. 

The  furface  of  the  earth  abounds  with  irregu- 
larities. In  one  part  we  find  vaff  plains,  inter- 
fered with  hills  and  vallies.  In  another,  long 
chains  of  mountains,  which  lift  their  frozen  heads 

to 
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£0  the  clouds ; from  the  bofom  of  thefe  mouru 
tains  proceed  rivers,  which,  after  they  have 
watered  various  countries,  and  produced  ponds 
and  lakes,  difeharge  themfelyes  into  the  fea,  and 
rdloreto  it  what  it  had  loft  by  evaporation. 

The  fea  prefents  to  our  view  iflands  fcattered 
in  all  parts  of  it,  finds,  rocks,  currents,  gulphs, 
and  dorms ; but  above  all,  that  regular  and  ad- 
mirable motion  whereby  it’s  waters  rife  and  fall 
twice  every  twenty-four  hours. 

The  lands  and  feas  are  peopled  with  plants  and 
animals,  whofe  infinitely  varied  fpecies  have  each 
their  proper  habitation.  Mankind  divided  into 
nations,  people,  and  families,  cover  the  furface 
of  the  globe.  They  modify  and  enrich  it  by 
their  various  labours,  and  build  dwellings  from 
pole  to  pole,  which  correfpond  with  their  man- 
ners, genius,  and  climate. 

A rare  tranfparent  and  elaftic  fubftance  fur- 
• rounds  the  earth  to  a certain  height.  This  fub- 
ftance is  the  atmofphere,  the  habitation  of 
the  winds,  an  immenfe  refervoir  of  vapours, 
which,  when  condenfed  into  clouds,  either 
embellilh  our  fky  by  the  variety  of  their  figures, 
and  the  richnefs  of  their  colouring ; or  aftonifh  us 

by 
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by  the  rolling  thunder,  or  flafhes  of  lightning, 
that  efcape  from  them  ; fometimes  they  melt 
away,  at  others  are  condenfed  into  rain  or  hail, 
fupplyingthe  deficiencies  of  the  earth  with  the 
fuperfluity  of  heaven. 

The  moon,  the  neared:  of  all  the  planets  to  the 
earth,  is  likewife  that  of  which  we  have  the 
mofl:  knowledge.  It’s  globe  always  prefents  to 
us  the  fame  face,  becaufe  it  turns  round  upon  it's 
axis  precifely  in  the  fame  fpace  of  time  that  it 
r.evolves  round  the  earth. 

It  has  it’s  phafes,  or  gradual  and  periodical 
increafe  and  decreafe  of  light,  according  to  it’s 
pofition  with  refpeeft  to  the  fun,  which  enlightens 
it,  and  the  earth  on  which  it  reflects  the  light 
that  it  has  received. 

The  difkof  the  moon  is  divided  into  luminous 
and  obfeure  parts.  The  former  feems  analogous 
tq  land,  the  latter  to  referable  our  feas. 

In  the  luminous  fpots  there  have  been  obferved 
fome  parts  which  are  brighter  than  the  red: ; 
thefe  project  a fhadow,  whofe  length  has  been 
mcafured,  and  their  track  afeertained.  Thefe 
parts  are  mountains,  much  higher  than  our’s,  in 
f proportion 
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proportion  to  the  fize  of  the  moon,  whofe  tops 
may  be  feen  gilded  by  the  rays  of  the  fun,  at  the 
quadratures  of  the  moon,  and  the  light  gradually 
detrending  to  their  feet,  till  they  appear  entirely 
bright.  Some  of  thefe  mountains  hand  by  them- 
felves,  while  in  other  places  there  are  long  chains 
of  them. 

We  fhall  not  dwell  upon  the  numerous  par- 
ticulars t hat  may  be  obferved  on  an  attentive  ex- 
amination of  this  planet.  If  the  author  of 
nature  has  with  us  thought  proper  to  vary  the 
fmalleft  individual,  how  great  mult  the  diverhty 
be,  by  which  he  has  diftinguilhed  one  world 
from  another. 

Venus  has,  like  the  moon,  her  phafes,  fpots, 
and  mountains.  The  rclefcope  difeovers  to  us 
alfo  fpots  in  Mars  and  Jupiter.  Thofe  in  Jupiter 
form  belts;  confiderable  changes  have  been  feen 
among  thefe,  as  if  of  the  ocean’s  overflowing  the 
Jand,  and  again  leaving  it  dry  by  it’s  retreat. 

Mercury,  Saturn,  and  the  Georgium  Sidus, 
are  but  little  known ; the  firfl,  becaufe  he  is  too 
near  the  fun ; the  two  laft,  becaufe  they  are  fo 
remote  from  it. 


Laftfya 
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Laftly,  the  fun  himfclf  has  fpcts,  w hich  feem 
to  move  with  regularity,  and  whole  fize  equals,' 
and  very  often  exceeds,  our  globe  itfelf. 

Every  thing  in  the  univerfe  is  fyflematical,  all 
is  combination,  affinity,  and  connection. 

The  fpecies  and  individuals  have  relation  to 
thefize  of  the  earth  ; the  fize  of  the  earth  has  it’s 
relation  to  the  place  fhe  occupies  in  the  planetary 
fyftem. 

The  fun  gravitates  on  the  planets,  the  planets 
on  the  fun  and  each  other.  1 hefe  taken  together 
gravitate  on  their  neighbouring  iyllems,  thefe 
again  on  more  dillant  ones ; while  the  bailance  of 
the  univerfe  remains  in  equilibrio,  in  the  lianas  of 

the  ANCIENT  OF  DAYS. 

From  the  relations  which  cxift  between  all 
parts  of  the  world,  and  by  which  they  conlpire 
to  one  general  end,  relults  the  harmony  ot  the 
world. 

\ 

The  relations  which  unite  all  the  worlds  to 
one  another,  conflitute  the  harmony  ol  the 

univerfe. 
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The  beauty  of  the  world  is  founded  in  the  har- 
monious diverlity  of  the  beings  that  compofe  it, 
in  the  number,  the  extent,  and  the  quality  of 
their  effc&s,  and  in  the  fum  of  happinefs  that 
arifes  therefrom. 
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ESSAY  II. 

PART  I. 

A Treatise  on  the  Use  of  the 
Terrestrial  and  Celestial  Globes. 

Of  the  Advantages  of  Globes  in  general, 
for  illustrating  the  primary  Princi- 
ples of  Astronomy  and  Geography  ; and 

PAR  1 IC  ij  LARL Y OF  THE  ADVANTAGES  OF  TLIE 

Globes,  when  mounted  in  my  Father’s 
Manner. 

T TNI  VERS  A L approbation,  the  opinion 
V-J  of  thofe  that  excel  in  fcience,  and  the 
experience  of  thofe  that  are  learning,  all  concur 
to  prove  that  the  artificial  rcprefentations  of  the 
eaith  and  heavens,  on  the  terreftrial  and  ccleflial 
globes,  aie  the  inftruments  the  belt  adapted  to 
convey  natural  and  genuine  ideas  of  agronomy 
and  geography  to  young  minds. 

ibis  Superiority  they  derive  principally  from 
theii  form  and  hgure,  which  communicates  a 

Q. 
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more  juft  idea,  and  a more  adequate  reprcfcnta- 
tion  of  the  earth  and  heavens,  than  can  be 
formed  from  any  other  figure. 

To  underftand  the  nature  of  the  projection  of 
either  fphere  in  piano,  requires  more  knowledge 
of  geometry  than  is  generally  po  (felled  by  begin- 
ners, it’s  principles  are  more  reclufe,  and  the 
folution  of  problems  by  them  more  obfcure. 

The  motion  of  the  earth  upon  it’s  axis  is  one 
of  the  moft  important  principles  both  in  geogra- 
phy and  aftronomy  ; on  it  the  greater  part  of  the 
phenomena  of  the  vilible  world  depend  : there 
is  no  invention  that  can  communicate  io  natural 

a reprefentation  of  this  motion,  as  that  of  a ter- 

reftrial  globe  about  it’s  axis.  By  a celeftial 
globe,  the  apparent  motion  of  the  heavens  is  alfo 
reprefented  in  a natural  and  fatisfaclory  manner. 

In  order  to  convey  clear  ideas  ol  the  various 
divilions  of  the  earth,  ol  thelituation  ol  different 
places,  and  to  obtain  an  ealicr  lolution  of 
problems  in  geography,  it  is  necefiary  to  con- 
ceive many  imaginary  circles  to  be  delineated  on 
it’s  furface,  and  to  underffand  their  relation  to 
each  other.  Now  on  a globe  thefe  circles  have 

their  true  form,  their  interfedions  and  relative 

pofit  ells 
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pofitions  are  vifible  upon  the  molt  curfory  in- 
fpe&ion.  But  in  projections  of  the  fphere  in 
piano,  the  form  of  thefe  circles  is  varied,  and 
1 their  nature  changed  ; they  are  confequently  but 
‘ ill  adapted  to  convey  to  young  minds  the  ele- 
; mentary  principles  of  geography. 


Oil  a globe,  the  appearance  of  the  land  and 
» water  is  perfectly  natural  and  continuous,  and 
'fitted  to  convey  accurate  ideas,  and  leave  per- 
imanent  tmpreffions  on  the  moft  tender  minds; 
•whereas,  in  planifpheres  one-half  of  the  globe  is* 
ifeparated  and  disjoined  from  the  other,-  and 
thofe  parts  which  are  contiguous  on  a globe,  are 
here  feparated  and  thrown  at  a diftance  from  each 

. ■ Cr'  ‘e  celeftlal  glot>e  has  the  fame  fupe- 
nonty  over  projections  of  the  heavens  in  piano. 

The  globe  eithibits  every  thing  in  true  propor- 

f.  * both  °f  %ure  and  fize;  while  on  a plan! 
■Phere  the  reverfe  may  often  be  obferved. 

ihe  l'm'n"  fi|dt  thefe  reafons  lufliciently  evince 
g'eat  advantage  of  globes  over  either  plani- 

•f  aft^  °r  mapS’  ^01  ubtatui'ig  the  firft  principles 

"•oceedToT"'  a"d  gC°graphiCal  knovvled8f.  I 

mounted  ^ ^ Prc^™in«"ce  of  globes 

' >'  falher  s manner,  over  the  com- 

mon 
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men,  or  rather  the  old  and  Ptolemaic  mode  of 
fitting  them  up. 


The  great  and  increafing  fale  of  the  beft 
globes  may  be  looked  upon  at  lead  as  a proof  ot 
approbation  from  numbers ; to  this  I might  alio 
add,  the  encouragement  they  have  received  from 

the  principal  tutors  of  both  our  univerfitics,  toe 

public  fanction  of  the  univerfity  of  Leyden,  the 
many  editions  of  my  father’s  treatife  on  their  ufe, 
and  it's  tranflation  into  Dutch,  &c.  The  recom- 
mendation of  Meff.  Arden,  Walker,*  Burton, 


&c.  public  ledums  in  natural  philofophy, 
might  alfo  be  adduced  ; but  leaving  thefe  con- 
fiderations,  I fhall  proceed  to  enumerate  the 
reafons  which  give  them,  in  my  opinion,  a de- 
cided preference  over  every  other  kind  ot 
mounting. 


The  earth,  by  it’s  diurnal  revolution  on  it  s 
axis,  is  carried  round  from  weft  to  eaft.  lo 
reprefent  this  real  motion  of  the  earth,  and  to 
folve  problems  agreeable  thereto,  it  is  ncccftary 
that  the  globe,  in  the  folution  ox  every  problem, 
ihould  be  moved  from  west  to  east  ; and  for 

this  purpofc,  that  the  diviiions  on  the  large  brafs 

circle 


* An  Eafy  Introduction  to  Geography,  by  Mr.  \v  alker, 
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til'cle  diould  be  oil  that  fide  which  looks  wed- 
, Ward.  Now  this  is  the  cafe  in  my  faihcPs  mode 
of  mounting  the  globes,  and  the  tutor  can  there- 
by explain  with  eafe  the  rationale  of  any  problem 
to  his  pupil.  But  in  the  common  mode  of 
mounting,  the  globe  mud  be  moved  from  cad; 
to  wed,  according  to  the  Ptolemaic  fydem  ; and 
confequently,  it  the  tutor  endeavours  to  dievv 
how  things  obtain  in  nature,  he  mud  make  his 
pupil  unlearn  in  a degree  what  he  has  taught  him, 
and  by  abdra&ion  reverfe  the  method  he  has  in- 
drucled  him  to  ufe,  a pradicc  that  we  hope  will 
not  be  adopted  by  many. 


The  celeftial  globe  being  intended  to  reprefent 
the  apparent  motion  of  the  heavens,  fhould  be 
moved,  when  ufed,  from  ead  to  wed. 


Of  the  phaenomena  to  be  explained  by  the 
rterreftrial  globe,  the  mold  material  are  thofe 
' Which  relate  to  the  changes  in  the  feafons;  all 
'the  problems  connected  with,  or  depending  upon 
Ithefe  phaenomena,  are  explained  in  a clear, 
1 familiar,  and  natural  manner,  by  the  globe,* 

0^3  when 


* Sec  the  Rev.  Mr.  Hutchins’s  New  Treat, Te  on  the  Globes, 
P«  3 > Adam*  s Treatife  on  the  Globes. 
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when  mounted  in  my  father’s  mode  ; for  on  rec- 
tifying it  for  any  particular  day  of  the  month,  it 
immediately  exhibits  to  the  pupil  the  exa&  fixa- 
tion of  the  globe  of  the  earth  for  that  day  ; and 
while  he  is  folving  his  problem,  the  reafon  and 
foundation  of  it  prefents  itfelf  to  the  eye  and 
underftanding. 

The  globe  may  alfo  be  placed  with  eafe  in  the 
pofition  of  a right  fphere,  a circumftance  exceed- 
ingly ufeful,  and  which  the  old  conftrudion  of 
the  globes  did  not  admit  of. 

By  the  application  of  a moveable  meridian, 
and  an  artificial  horizon  conneded  with  it,  it  is 
eafy  to  explain  why  the  fun,  although  he  be  al- 
ways in  one  and  the  fame  place,  appears  to  the 
inhabitants  of  the  earth  at  different  altitudes, 
and  in  different  azimuths,  which  cannot  be  fo 
readily  done  with  the  common  globes. 

On  the  celeftial  globe  there  is  a moveable  cir- 
cle of  declination,  with  an  artificial  fun. 

The  brafs  wires  placed  under  the  globes,  ferve 
to  diftinguifh,  in  a natural  and  fatisfadory  man- 
ner, twilight  from  total  darknefs,  and  the  reafon 
of  the  length  of  it’s  duration. 
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The  next  point  wherein  they  materially  differ 
from  other  globes,  is  in  the  hour  circle  ; now  it 
mult  be  confcffed,  that  to  every  contrivance  that 
has  been  ufed  for  thispurpofe  there  is  fomc  ob- 
jection, and  probably  no  mode  can  be  hit  upon 
that  will  be  perfectly  free  from  them.  The  me- 
thod adopted  by  my  father  appears  to  me  the 
lead  exceptionable,  and  to  poffefs  fome  advan- 
tages over  every  other  method  I am  acquainted 
with.  Agreeable  to  the  opinion  of  the  firft 
aftronomers,  among  others  of  M.  de  la  Lande,  he 
ufes  the  equator  for  the  hour  circle,  not  only  as 
the  larged,  but  alfo  as  the  mod  natural  circle  that 
could  be  employed  for  that  purpofe,  and  by  which 
alone  the  fclution  of  problems  could  be  obtained 
with  the  greated  accuracy.  As  on  the  terredrial 
globe,  the  longitude  of  different  places  is 
reckoned  on  this  circle ; and  on  the  celedial,  the 
right  afeenfion  of  the  dars,  &c.  it  familiarizes 
the  young  pupil  with  them,  and  their  reduction 
to  time.  This  method  does  not  in  the  lea  fl  im- 
pede the  motion  of  the  globe  ; but  while  it  affords 
an  equal  facility  of  elevating  either  the  north  or 
fouth  pole,  it  prevents  the  pupil  from  placing 
them  in  a wrong  pofirion;  and  it  is  alfo  pre- 
vented by  the  horary  wire  from  falling  out  of  the 
frame. 


0.4 
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Another  circumfiance  peculiar  to  thefe  globes, 
is  the  inode  of  fixing  the  compafs.  It  is  felf- 
evident,  that  the  tutor,  who  is  willing  to  give 
corredt  ideas  to  his  pupil,  fhould  always  make 
him  keep  the  globes  with  the  north  pole  dire&ed 
towards  the  north  pole  of  the  heavens,  and  that, 
both  in  the  folution  of  problems,  and  the  expla- 
nation of  phenomena.  By  means  of  the  com- 
pafs, the  terreflrial  globe  is  made  to  fupply  the 
purpofe  of  a tellurian,  when  fuch  an  infirument 
is  not  at  hand.  I cannot  terminate  this  para- 
graph, without  teftifying  my  difapprobation  of  a 

/ 

mode  of  making  the  globe  turn  round  upon  a pin 
in  the  pillar  on  which  it  is  fupported:  a mode, 
that  while  it  can  give  but  little  relief  to  indolence, 
is  lefs  firm  in  it’s  confurudtion,  and  tends  to  intro- 
duce much  confufion  in  the  mind  of  the  pupil. 

In  order  to  prevent  that  confufion  and  per- 
plexity which  neceflarily  arifes  in  a young  mind, 
when  names  arc  made  ufe  of  which  do  not  pro- 
perly characterize  the  fubject,  my  father  found  it 
neceffary,  with  Mr.  Hutchins,  to  term  that  broad 
wooden  circle  which  fupports  the  globe,  and  on 
w hich  the  figns  of  the  ecliptic  and  the  days  of 
the  month  are  engraved,  the  broad  paper  circle, 
inftead  of  horizon,  by  which  it  had  been  hereto- 
fore denominated.  The  propriety  of  this  change 

will 
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will  be  evident  to  all  thofe  who  confider  that  this 
circle  in  feme  cafes  reprefents  that  which  divides 
light  from  darknefs,  in  others  the  horizon,  and 
fometimes  the  ecliptic.  For  fimilar  reafons,  he 
was  induced  to  call  the  brazen  circle,  in  which 
the  globes  are  fufpended,  the  strong  brass 

CIRCLE. 

In  a word,  many  operations  may  be  performed 
by  thefe  globes,  which  cannot  be  folved  by 
thofe  mounted  in  the  common  manner  ; w bile  ail 
that  they  can  lolve  may  be  performed  by  thefe, 
and  that  with  a greater  degree  of  perfpicuity ; 
and  many  problems  may  be  performed  by  thefe 
at  one  view,  which  on  the  other  globes  require 
fuccehive  operations. 

But  as  notwithft'anding  their  fuperiority,  the 
difference  in  price  may  make  fome  perfons  prefer 
tne  old  confrudlion,  it  may  be  proper  to  inform 
them,  that  they  may  have  my  father’s,  orSenex's 
globes  mounted  in  the  old  manner,  at  the  ufual 
prices. 
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Containing  a Description  or  the  Globes 
mounted  in  the  best  Manner  : together 
WITH  SOME  PRELIMINARY  DEFINITIONS. 

^ # 

Definitions. 

T>EFORE  we  begin  to  defcribe  the  globes, 
IC  wi!!  be  Proper  to  take  iome  notice  of  the 
properties  of  a circle,  of  which  a globe  may  be 
faid  ro  be  conftituted. 

A line  is  generated  by  the  motion  ofa  point. 

Let  there  be  fuppofed  two  points,  the  one 
moveable,  the  other  fixed. 

If  the  moveable  point  be  made  to  move 
directly  towards  the  fixed  point,  it  will  generate 
J'1  it’s,  motion  a ftrait  line. 

If 
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If  a moveable  point  be  carried  round  a fixed 
point,  keeping  always  the  fame  difiance  from  it, 
it  will  generate  a circle,  or  fome  part  of  a circle, 
and  the  fixed  point  will  be  the  center  of  that 
circle. 

All  flrait  lines  going  from  the  center  to  the 
circumference  of  a circle,  are  equal. 

\ 

Every  flrait  line  that  paffes  through  the  center 
of  a globe,  and  is  terminated  at  both  ends  by  its 
furface,  is  called  a diameter, 

i 

The  extremities  of  a diameter  are  it’s  poles. 

If  the  circumference  of  a femicircle  be  turned 
round  it’s  diameter,  as  on  an  axis,  it  will  generate 
a globe,  or  fphere. 

The  center  of  the  femicircle  will  be  the  center 
of  the  globe  ; and  as  all  points  of  the  generating 
femicircle  are  at  an  equal  difiance  from  it’s  center, 
lo  all  the  points  of  the  furface  of  the  generated 
fphere  are  at  an  equal  difiance  from  it’s  center, 
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Description  of  the  Globes. 

There  are  two  artificial  globes ; on  the  furfacc 
of  one  of  them  the  heavens  are  delineated,  this  is 
called  the  celestial  globe.  The  other,  on 
which  the  furface  of  the  earth  is  defcribed,  is 
called  the  terrestrial  globe. 

Fig.  2,  plate  XIV.  reprefents  the  celeffial ; 
fig.  i,  plate  XIV.  the  terreftrial  globe,  as 
mounted  in  my  father’s  manner. 

In  ufing  the  celefiiaJ  globe,  we  are  to  confider 
ourfelves  as  at  the  center. 

In  ufing  the  terreflrial  globe,  we  are  to  fup- 
pofe  ourfelves  on  fome  point  of  it’s  surface. 

I 

The  motion  of  the  terreflrial  globe  reprefents 
the  real  motion  of  the  earth. 

The  motion  of  the  celefiial  globe  reprefents 
the  apparent  motion  of  the  heavens. 

The  motion  therefore  of  the  celefiial  globe 

a motion  from  east  to  west. 


But 
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But  the  motion  of  the  terreftrial  globe  is  a 
motion  from  west  to  east. 

On  the  furface  of  each  globe  feveral  circles  are 
defcribed,  to  every  one  of  which  may  be  applied 
what  has  been  faid  of  circles  in  page  254. 

The  center  of  fome  of  thefe  circles  is  the  fame 
with  .the  center  of  the  globe  ; thefe  are,  by  way 
of  diftin&ion,  called  great  circles. 

Of  thefe  great  circles,  fome  are  graduated. 

The  graduated  circles  are  divided  into  360 
degrees,  or  equal  parts,  90  of  which  make  a 
quarter  of  a circle,  or  a quadrant. 

Thofe  circles  whofe  centers  do  not  pafs  through 
the  center  of  the  globe,  are  called  lesser  cir- 
cles. 

The  globes  arc  each  of  them  fufpended  at  the 
poles  in  a firong  brafs  circle  N Z fE  S,  and  turn 
therein  upon  two  iron  pins,  which  are  the  axis  of 
the  globe;  they  have  each  a thin  brafs  femicircle 
N H S,  moveable  about  thefe  poles,  with  a fmali 
thin  circle  H Hiding  thereon ; it  is  quadrated 

each 
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each  way,  to  90  degrees  from  the  equator  to 
either  pole. 

On  the  terreflrial  globe  this  femicircle  is  a 
moveable  meridian.  It’s  final l hiding  circle, 
which  is  divided  into  a few  of  the  points  of  the 
mariner  s compafs,  is  called  a terrestrial  or 

VISIBLE  HORIZON. 

On  the  celeftial  globe,  this  femicircle  is  a 
MOVEABLE  CIRCLE  OF  DECLINATION,  and  it'S 
fmall  brafs  circle  an  artificial  fun,  or  planet. 

Each  globe  has  a brafs  wire  circle  T W Y 
placed  at  the  limits  of  the  crepufculum,  or  twil 
light,  which,  together  with  the  globe,  is  mounted 
in  a wooden  frame ; the  upper  pm  B C is  covered 
with  a broad  paper  circle,  whofe  plane  divides 
the  globe  into  two  hemifpheres,  and  the  whole  is 
fupported  by  a neat  pillar  and  claw,  with  a mag, 
netic  needle  in  a compafs  box  marked  M. 
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A Description  of  the  Circles  described  on 

THE  BROAD  PAPER  ClRCLE  B C ; TOGETHER. 

WITH  A GENERAL  ACCOUNT  OF  ITS  USES. 

It  contains  four  concentric  circular  [paces,  the 
innermoft  of  which  is  divided  into  360  degrees, 
and  numbered  into  four  quadrants,  beginning  at 
the  eaft  and  weft  points,  and  proceeding  each 
way  to  90  degrees  at  the  north  and  fouth  points; 
thefe  are  the  four  cardinal  points  of  the  horizon. 
The  fecond  circular  fpace  contains,  at  equal 
diftances,  the  thirty-two  points  of  the  mariner’s 
compafs.  Another  circular  fpace  is  divided  into 
twelve  equal  parts,  reprefenting  the  twelve  figns 
of  the  zodiac ; thefe  are  again  fubdivided  into  30 
degrees  each,  between  which  are  engraved  their 
names  and  charafters.  This  fpace  is  connected 
with  a fourth,  which  contains  the  calendar  of 
months  and  days,  each  day  on  the  1 8 inch  globes 
being  divided  into  four  parts,  exprefling  the  four 
cardinal  points  of  the  day,  according  to  the  Julian 
reckoning;  by  which  means,  the  fun’s  place  is 
very  nearly  obtained  for  the  common  years  after 
biftextile,  and  the  intercalary  day  is  inferted 
without  confufion. 

In  all  portions  of  the  celeftial  globe,  this  broad 
paper  circle  reprefents  the  plane  of  the  horizon, 

and 
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and  diftinguifhes  the  vifible  from  the  invifible 
part  of  the  heavens;  but  in  t lie  tcrreftrial  globe  it 
is  applied  to  three  different  ufes, 

r.  To  diftinguifh  the  points  of  the  horizon ; in 
this  cafe  it  reprefents  the  rational  horizon  of  any 
place. 

2.  It  is  ufed  to  reprefent  the  circle  of  illumina- 
tion, or  that  circle  which  feparates  day  from 
night. 

3.  It  occafionally  reprefents  the  ecliptic. 

Of  the  strong  Brass  Circle  NyEZS. 

One  fide  of  this  flrong  brafs  circle  is  graduated 
into  four  quadrants,  each  containing  9q  degrees. 

The  numbers  on  two  of  thcfe  quadrants  in- 
creafe  from  the  equator  towards  the  poles;  the 

other  two  increafe  from  the  pole  towards  the 
equator. 

Two  of  the  quadrants  are  numbered  from  the 
equator,  to  drew  the  diftance  of  any  point  on  the 
globe  from  the  equator.  The  other  two  are  num- 

^ 2 bered 
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bered  from  the  poles,  for  the  more  ready  fettirg 
the  globe  to  the  latitude  of  any  place. 

The  ftrong  brafs  circle  of  the  celcftial  globe  is 
caljed  the  meridian,  becaufe  the  center  of  the  fur* 
comes  dire&Iy  under  it  at  noon. 

But  as  there  are  other  circles  on  the  terreflrial 
globe,  which  are  called  meridians,  we  chufe  to 
denominate  this  the  strong  brass  circle,  or 
MERIDIAN. 

The  graduated  fide  of  the  ftrong  brafs  circle 
that  belongs  to  the  terreflrial  globe,  Ihould  face 
the  w'est. 

The  graduated  fide  of  the  ftrong  brazen  me- 
ridian of  the  celeftial  globe  fhould  face  the  east. 

On  the  ftrong  brafs  circle  of  the  terreflrial 
globe,  and  at  about  23  f degrees  on  each  fide  of 
the  north  pole,  the  days  of  each  month  are  laid 
down  according  to  the  declination  of  the  fun. 

Of  tiie  Horary  Circles,  and  their  Indices, 

When  the  globes  are  mounted  in  my  father’s 
manner,  we  ufe  the  equator  as  the  hour  circle 

becaufe 
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bccaufc  it  is  not  only  the  molt  natural,  but  alfo 

the  largeft  circle  that  can  be  applied  for  that  pur- 
pofe. 


To  make  this  circle  anfwer  the  purpofe,  a femi- 
circular  wire  is  placed  over  it,  carrying  two 
indices,  one  on  the  eaft,  the  other  on  the  weft 
lidc  of  the  ftrong  brafs  circle. 

As  the  equator  is  divided  into  360°,  or  24 
hours,  the  time  of  one  entire  revolution  of  the 
earth  or  heavens,  the  indices  will  fhew  in  what 
fpace  of  time  arty  part  of  fuch  revolution  is  made 
among  the  hours  which  are  graduated  below  the 
degrees  of  the  equator  on  cither  globe. 

As  the  motion  of  the  terreftrial  glebe  is  from 
tteft  to  eaft,  the  horary  numbers  increafe  accord- 
h*g  to  the  direction  of  that  motion;  on  the  ce- 
ldllai  ^iobc  thcy  hicreafe  from  the  eaft  to  the  weft. 


Of  the  Quadrant  of  Alth. 


™de,  Z A. 


Msa  thm,  narrow,  flexible  flip  of  brafs,  that 
| oenu  to  the  furface  of  the  globe , i,  has  a nut. 
* 'ductal  line  upon  >t,  w hich  may  be  readily 

rid  ft0  uhC  dlV'll0nS  0,1  'hc  flrong  brafs  mc- 
CKhcr  Slobe-  °ne  edge  of  the  quadrant 

is 
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is  divided  into  90  degrees,  and  the  divifions  are 
continued  to  1 8 degrees  below  the  horizon. 

Or  SOME  OF  THE  CIRCLES  THAT  ARE  DESCRIBED 

upon  the  Surface  of  each  Globe. 

We  may  fuppofe  as  many  circles  to  be  deferibed 
on  the  furface  of  the  earth  as  we  pleafe,  and  con- 
ceive them  to  be  extended  to  the  fphere  of  the 
heavens,  marking  thereon  concentric  circles.  For 
as  we  are  obliged,  in  order  to  diftinguilh  one  place 
from  another,  to  appropriate  names  to  them,  fo 
are  we  obliged  to  ufe  different  circles  on  the 
globes,  to  diftinguifh  the  parts,  and  their  feveral 
relations  to  each  other. 

Of  the  Equator,  or  Equinoctial. 

s' 

It  goes  round  the  globe  exadlly  in  the  middle, 
between  the  two  poles,  from  which  it  always 
keeps  at  the  fame  diftance  j or  in  other  words,  it 
is  every  where  90  degrees  diftant  from  each  pole, 
and  is  therefore  a boundary,  feparating  the  north- 
ern from,  the  fouthern  hemifphere ; hence  it  is 
frequently  called  the  line  by  failors,  and  when 
they  fail  over  it  they  are  fald  to  crofs  the  line. 


It 
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It  is  that  circle  in  the  heavens,  in  which  the 
fun  appears  to  move  on  thofe  two  days,  the  one 
in  the  fpring,  the  other  in  the  autumn,  when  the 
days  and  nights  are  of  an  equal  length  all  over  the 
World;  and  hence  on  the  celeftial  globe  it  is 
generally  called  the  equinoctial. 

It  is  graduated  into  360  degrees.  Upon  the 
terreftrial  globe  the  numbers  increafe  from  the 
meridian  of  London  weftward,  and  proceed 
quite  round  to  360.  They  are  alfo  numbered 
from  the  fame  meridian  call  ward,  by  an  upper 
row  of  figures,  to  accommodate  thofe  who  ufe 
the  Englifh  tables  of  latitude  and  longitude. 

On  the  celeftial  globe,  the  equatorial  degrees 
are  numbered  from  the  firft  point  of  Aries  eaft- 
ward,  to  360  degrees. 

Under  the  degrees  on  either  globe  is  graduated 
a circle  of  hours  and  minutes.  On  the  celeftial 
globe  the  hours  increafe  eaftward,  from  Aries  to 
XII  at  Libra,  where  they  begin  again  in  the 
fame  dire&ion,  and  proceed  to  XII  at  Aries. 
But  on  the  terrefirial  globe,  the  horary  numbers 
increafe  by  twice  twelve  hours  weftward  from  the 
meridian  of  London  to  the  fame  again. 

R4 
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In  turning  the  globe  about,  the  equator  keeps 
always  under  one  point  of  the  ftrong  brafs  me- 
ridian, from  which  point  the  degrees  on  the  faid 
circle  are  numbered  both  ways. 

Of  the  Ecliptic. 

t 

The  graduated  circle,  which  crolTes  the  equa- 
tor obliquely,  forming  with  it  an  angle  of  about 
23 1 degrees,  is  called  the  ecliptic. 

This  circle  is  divided  into  12  equal  parts,  each 
of  which  contains  30  degrees.  The  beginning  of 
each  of  thefe  30  degrees  is  marked  with  the  cha- 
racters of  the  1 2 figns  of  the  zodiac. 

The  fun  appears  always  in  this  circle  ; he  ad- 
vances therein  every  day,  nearly  a degree,  and 
goes  through  it  exactly  in  a year. 

The  points  where  this  circle  crolTes  the  equator 
are  called  the  equinoctial  points.  The  one  is 
at  the  beginning  of  Aries,  the  other  at  the  begin- 
ning of  Libra. 

The  commencement  of  Cancer  and  Capricorn 
arc  called  the  solstitial  points. 


The 
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The  twelve  ligns,  and  their  degrees,  are  laid 
down  on  the  terreftrial  globe;  but  upon  thece- 
leftiai  globe,  the  days  of  each  month  are  graduated 
juft  under  the  ecliptic. 

The  ecliptic  belongs  principally  to  the  celedial 
globe. 
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ESSAY  IJ. 

part  in. 

The  Use  of  the  Terrestrial  Globe, 
mounted  in  the  best  Manner. 


Of  Longitude  and  Latitude,  and  0F 
-Terrestrial  Meridians. 

ATERIDIANS  are  circular  lines,  going 

t °VCr  the  earth’s  ^facc,  from  one  pole  to 
Me  mner,  and  trolling  the  equator  at  right  an- 


Whatever  places  thefe  circular  lines  pafs 

through,  in  going  from  pole  to  pole,  they  are  the 
meridians  of  thofe  places. 

There  are  no  places  upon  the  furface  of  the 
earth,  through  which  meridians  may  not  be  con 
ce.ved  to  pafs.  Every  place,  therefore,  is  fun'. 
pofed  to  have  a meridian  line  palling  over  it’s 
zenith  from  no,  th  to  fouth,  and  going  through 

fhe  poles  of  the  world. 


Thus 
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Thus  the  meridian  of  Paris  is  one  meridian ; 
the  meridian  of  London  is  another.  This  variety 
of  meridians  is  fatisfadorily  reprefented  on  the 
globe,  by  the  moveable  meridian,  which  may 
be  fet  to  every  individual  point  of  the  equator, 
and  put  diredlly  over  any  particular  place. 

Whenfoeverwe  move  towards  the  eaft  or  weft, 
we  change  our  meridian ; but  we  do  not  change 
our  meridian  if  we  move  dire&ly  to  the  north  or 
fouth. 

The  moveable  meridian  {hews  that  the  poles 
of  the  earth  divide  every  meridian  into  two  femfi- 
circles,  one  of  which  paffes  through  the  place 
whofe  meridian  it  is,  the  other  through  a point 
on  the  earth,  oppofite  to  that  place. 

Hence  it  is,  that  writers  in  geography  and 
aftronomy  generally  mean  by  the  meridian  of 
any  place  the  semicircle  which  paffes  through 
that  place ; thefe,  therefore,  may  be  called  the 
geographical  meridians. 

All  places  lying  under  the  fame  fcmicirc.le, 
are  faid  to  have  the  fame  meridian ; and  the 
femicircle  oppofite  to  it  is  called  the  oppofite  me- 
» ridian, 
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ridian,  or  fometimes  the  oppofite  part  of  the 
meridian. 

From  the  foregoing  definitions,  it  is  clear  that 
the  meridian  of  any  place  is  immoveably  fixed  to 
that  place,  and  is  carried  round  along  with  it  by 
the  rotation  of  the  globe. 

When  the  meridian  of  any  place  is  by  the  revo~ 
lution  of  the  earth  brought  to  point  at  the  fun* 
it  is  noon,  or  mid-day,  at  that  place. 

he  plane  of  the  meridian  of  any  place  may  be 
imagined  to  be  extended  to  the  fphere  of  the 
fixed  liars. 

When,  by  the  motion  of  the  earth,  the  plane  of 
a meridian  comes  to  any  point  in  the  heavens,  as 
the  fun,  moon,  &c.  that  point,  See.  isthenfaid 
to  come  to  the  meridian.  It  is  in  this  fenfe  that 
we  generally  ufe  the  exprefiion  of  the  fun  or  liars 
coming  to,  or  palling  over  the  meridian. 

'I  he  time  which  elapfes  between  the  noon  of 
any  one  day  in  a given  place,  and  the  noon  of  the 
a.v  following  huhe  fame  place,  is  called  a natural 
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All  places  which  lie  under  the  fame  meridian, 
have  their  noon,  and  every  other  hour  of  the 
natural  day,  at  the  fame  time.  Thus  when  it  is 
one  in  the  afternoon  at  London,  it  is  alfo  one  in 
the  afternoon  to  every  place  under  the  meridian 
of  London, 

In  order  to  afcertain  the  fituation  of  any  point, 
there  muft  firft  be  a fettled  part  of  the  earth’s  fur- 
face,  from  which  to  meafure  ; and  as  the  point  to 
be  afcertained  may  lie  in  any  part  of  the  earth’s 
furface,  and  as  this  furface  is  fpherical,  the  place 
from  whence  we  meafure  muft  be  a circle.  It 
would  be  necefiary,  however,  to  eftablifh  two 
fuch  circles,  one  to  know  how  far  any  place 
may  be  eaft  or  weft  of  another,  the  fecond  to 
know  it’s  diftance  north  or  fouth  of  the  given 
point,  and  thus  determine  it’s  precife  fituation. 

Hence  it  has  been  cuftomary  for  geographers 
to  fix  upon  the  meridian  of  fome  remarkable 

place,  ASA  FIRST  MERIDIAN,  OR  STANDARD;  and 

to  reckon  the  diflance  of  any  place  to  the  eaft  or 
weft,  or  it’s  longitude,  by  it  s diftance  from  the 
firft  meridian.  On  Englifh  globes  this  firft  men 
ridian  is  made  to  pafs  through  London, 
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The  longitude  of  any  place  is  it’s  diftance 
from  the  firft  meridian,  meafured  by  degrees 
on  the  equator. 

To  find  the  longitude  of  a place,  is  to  find 
what  degree  on  the  equator  the  meridian  of  that 
place  croffes. 

All  places  that  lie  under  the  fame  meridian, 
are  faid  to  have  the  fame  longitude  ; all  places 
ti.at  lie  under  different  meridians,  are  faid  to  have 
different  longitudes ; this  difference  may  be  eaft 
or  weft,  and  confequently  the  difference  of  lon- 
gitude betwen  any  two  places,  is  the  difiance  of 

their  meridians  from  each  other  meafured  on  the 
equator. 

Thus  if  the  meridian  of  any  place  cuts  the 
equator  in  a point,  which  is  fifteen  degrees  eaft 
from  that  point,  where  the  meridian  of  London 
cuts  the  equator,  that  place  is  faid  to  differ  from 
London  in  longitude  15  degrees  eaftward. 

Upon  the  terrefirial  globe  there  are  24  me- 
ridians, dividing  the  equator  into  24  equal  parts, 

which  are  the  hour  circles  of  the  places  through 
which  they  pafs. 

S The 
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The  diftance  of  thefe  meridians  from  eacfv 
other  is  15  degrees,  or  the  24th  part  of  360  de~. 
grees  ; thus  1 5 degrees  is  equal  to  one  hour. 

By  the  rotation  of  the  earth,  the  plane  of  every 
meridian  points  at  the  fun,  one  hour  after  that 
meridian  which  is  next  to  it  eaftward  ; and  thus 
they  fuccefiively  point  at  the  fun  every  hour,  fa 
that  the  plane  of  the  24  meridian  femicircles 
being  extended,  pafs  through  the  futi  in  a natural, 
diiy. 

To  illuftrate  this,  fuppofe  the  plane  of  the 
ftrong  brafs  meridian  to  coincide  with  the  fun, 
bring  London  to  this  meridian,  and  then  move 
the  globe  round,  and  you  will  rind  thefe  24  me- 
ridians fucceflively  pafs  under  the  ftrong  brafs 
meridian,  at  one  hour’s  diftance  from  each  other 
till  in  24  hours  the  earth  will  return  to  the  fame 
fituation,  and  the  meridian  of  London  will  again 
coincide  with  the  ftrong  brals  circle. 

By  palling  the  globe  round,  as  in  the  foregoing 
article,  it  will  be  evident  to  the  pupil,  that  if  one 
of  thefe  meridians,  15  degrees  eaft  oi  London, 
comes  to  the  ftrong  brafs  meridian,  or  points  at 
the  fun  one  hour  fooner  than  the  meridian  of 

London,  a meridian  that  is  30  degrees  eaft, 

comes 
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comes  two  hours  fooner,  and  fo  on  ; and  confe- 
quently  they  will  have  noon,  and  every  other 
hour,  fo  much  fooner  than  at  London  ; while 
thofe,  whofe  meridian  is  15  degrees  weftward 
from  London,  will  have  noon,  and  every  other 
hour  of  the  day,  one  hour  later  than  at  London, 
and  fo  on,  in  proportion  to  the  difference  of  lon- 
gitude. i hefe  definitions  being  well  underflood, 
the  pupil  will  be  prepared  not  only  to  folve,  but 
fee  the  rationale  of  the  following  problems. 

PROBLEM  I. 

To  find  the  longitude  of  any  place  on  the  globe; 

1 he  reader  will  find  no  difficulty  in  folving  this 
problem,  ir  he  rccolleefs  the  definition  we  have 
given  oi  the  word  longitude,  namely,  that  it  is 
the  diflance  of  any  place  from  the  firft  meridian 
meafured  on  the  equator.  Therefore,  either  fet 
the  moveable  meridian  to  the  place,  or  bring  the 

place  under  the  firong  brafs  meridian,  and& that 
degree  of  the  equator,  which  is  cut  by  either  of 
thcfe  brazen  meridians,  is  the  longitude  in  de- 
grees and  minutes,  or  the  hour  and  minute  of  it's 
longitude,  expreffed  in  time. 
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As  the  given  place  may  lie  either  eaft  or  weft 
of  the  firft  meridian,  the  longitude  may  be  ex-* 
preffed  accordingly. 

It  appears  mod  natural  to  reckon  the  longitude 

alwavs  weftward  from  the  firft  meridian ; but  it 
«/ 

is  cuftomary  to  reckon  one  half  round  the  globe 
eartward,  and  the  other  half  weftward  from  the 
firft  meridian.  To  accommodate  thofe  who  may 
prefer  either  of  thefe  plans,  there  are  two  lets  of 
numbers  on  our  globes : the  numbers  neareft  the 
equator  increafe  weftward,  from  the  meridian  of 
London  quite  round  the  globe  to  360°,  over 
which  another  fet  of  numbers  is  engraved,  which 
increafe  the  contrary  way  1 hy  which  means,  the 
longitude  may  be  reckoned  upon  the  equator, 
either  eaft  or  weft. 

Example.  Bring  Bofton,  in  New  England, 
to  the  graduated  edge  of  either  the  ftrong  brafs, 
or  of  the  moveable  meridian,  and  you  will  find 
it’s  longitude  in  degrees  to  be  70I,  or  4 h.  42 
min.  in  time;  Rome  12\  degrees  eaft,  or  50 
min.  in  time  ; Charles-Town,  North  America, 
js  79  deg.  50  min.  weft. 
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PROBLEM  IT. 

To  find  the  difference  of  longitude  between  any 

two  places. 

If  the  pupil  underftands  what  is  meant  by  the 
difference  of  longitude,  the  rule  for  the  folution  of 
tnis  problem  will  naturally  occur  to  his  mind. 
Now  the  difference  of  longitude  between  any  two 
places  is  the  quantity  of  an  angle  (at  the  pole) 
made  by  the  meridians  of  thole  places  meafured 
on  the  equator . fo  exprefs  this  angle  upon  the 
globe,  bring  the  moveable  meridian  to  one  of  the 
places,  and  the  other  place  under  the  flrong  brafs 
circle,  and  the  required  angle  is  contained  be- 
tween thefe  two  meridians,  the  meafure  or  quan- 
tity  of  which  is  to  be  counted  on  the  equator. 

Example.  I find  the  longitude  of  Rome 
to  be  i 2 £ eafi,  that  of  Confiantinople  to  be  29* 
the  difference  is  iy£  degrees.  Again,  I find 
Jerufalem  has  35  deg.  25  min.  eafi:  longitude 
from  London;  and  Pekin,  in  China,  116  deg. 

52  min.  eafi  longitude,  the  difference  is  81  deg. 
21  mm.;  that  is,  Pekin  is  81  deg.  27  min.  eafi 

ongitude  from  Jerufalem  ; or  Jerufalem  is  81 

co-  27  min.  w ell  longitude  from  Pekin. 
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If  one  place  is  eaft,  and  the  other  weft  of  the 
firft  meridian,  either  find  the  longitude  of  both 
places  weftward,  by  that  fet  of  numbers  which 
incrcafe  weftward  from  the  meridian  of  London 
to  360  deg.  and  the  difference  between  the  num- 
ber thus  found  is  the  anfwer  to  the  queftion  : — or. 

Add  the  eaft  and  weft  longitudes,  and  the  fum 
is  the  difference  of  longitude  ; thus  the  longitude 
of  Rome  is  12  deg.  ro  min.  eaft,  of  Charles- 
Town  79  deg.  50  min.  weft  ; their  fum,  91  deg. 
20  min.  is  the  difference  required. 

It  may  be  proper  to  obferve  here,  that  the 
difference  in  time  is  the  fame  with  the  difference 
of  longitude,  confequently  that  fome  of  the  fol- 
lowing problems  are  only  particular  cafes  of  this 
problem,  or  readier  modes  ot  computing  this 
difference. 
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PROBLEM  III. 

To  rind  all  thofc  places  where  it  is  noon,  at  any 
given  hour  of  the  day,  in  another  place ; or 
in  other  words,  (which  may  condudt  the  reader 
to  the  rationale  of  it's  foliation)  to  find  what 
places  have  the  fun  upon  their  meridian,  a C 
any  given  hour  of  the  day,  in  another  propofed 
place. 

As  the  diurnal  motion  of  the  earth,  here  repre- 
fen  ted  by  the  terreftrial  globe,  is  from  weft  to 
eaft,  it  is  plain  that  all  places  which  are  to  the 
eaft  of  any  particular  meridian,  muft  neceffarily 
pafs  by  the  fun,  before  a meridian  which  is  to 
the  weft  of  them  can  arrive  at  it. 

We  fhall,  therefore,  divide  this  problem  into 
three  cafes. 

1 . When  the  given  hour  is  at  London. 

2.  W hen  the  given  hour  is  in  the  inorning, 
and  any  where  but  at  London. 

3-  When  the  given  hour  is  in  the  afternoon, 
but  not  at  London. 

S 4 
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1.  When  the  given  hour  is  at  London, 

As  the  ftrft  meridian  on  our  globes  pafles 
through  London,  bring  the  given  hour  to  the  call' 
of  London,  if  it  be  in  the  morning,  to  the  ftrong 
brafs  meridian,  and  all  thofe  places  which  are 
under  it  will  have  noon  at  the  given  hour;  but 
bring  the  given  hour  weft  of  London,  if  it  is  in 
the  afternoon. 

Example.  Let  it  be  required  to  know  in  what 
places  it  is  XII  o’clock,  when  it  is  ten  in  the 
morning  at  London.  Therefore,  bring  that  Xth 
hour  on  the  equator,  which  is  to  the  eaftward  of 
London,  under  the  ftrong  brafs  meridian,  and 
the  places  that  are  under  it’s  graduated  edge  will 
have  the  fun  upon  their  meridian  when  it  is  ten 
in  the  morning  at  London.  Suppofe  the  given 
hour  at  London  to  be  three  o’clock,  then  bring 
that  hour  on  the  equator  which  is  weft  ward  of 
London,  to  the  ftrong  brafs  meridian,  and  thofe 
places  which  lie  under  it  will  be  noon  when  it  is 
three  in  the  afternoon  at  London. 

2.  If  the  given  hour  jbe  in  the  afternoon, 
BUT  NOT  AT  LONDON. 
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Bring  the  given  place  to  the  ftrong  brafs 
meridian,  and  fet  one  of  the  hour  indexes 
to  that  XII  which  is  moft  elevated;  then  turn 
the  globe  from  west  to  east,  till  the  index 
points  to  the  given  hour,  and  the  ftrong  brafs 
mciidian  will  pals  over  thole  places  which  have 
noon  at  the  given  hour  in  the  propofed  place. 

Let  the  hour  propofed  be  IV  o’clock  in  the 
afternoon,  at  Port-Royal,  in  Jamaica.  Brine- 
Port-Royal  to  the  ftrong  brafs  meridian,  and  fet 
the  hour  index  to  the  moft  elevated  XII ; turn 
the  globe  from  weft  to  eaft,  until  the  horary’index 
points  to  IV  o’clock,  and  the  ftrong  brafs  me- 
ridian will  pafs  over  thofe  places  which  have  noon 
at  the  given  hour  in  Jamaica,- 


3-  If  tiie  given  hour  be  in  the  morning 
but  not 'at  London. 


Bring  the  given  place  to  the  ftrong  brafs 
meridian ; fet  the  hour  index  to  the  upper- 
m°lt  XII,  and  turn  the  globe  from  east  to  west 

“nt,‘  'he  ,10llr  index  Points  to  the  given  hour  j 
en  the  required  places  are  under  the  ftrong 

Drrr'dlan-  LCt  the  given  hour  be  3°  mint 

MU  at  Cape  Pafaro,  in  the  ifland  of  Sicily: 
ri”g  I afaro  to  the  meridian,  fet  the  hour  index 


to 
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to  the  mod  elevated  XII,  then  move  the  globe 
wedward,  till  the  hour  index  points  to  30  min. 
pad  V,  and  the  places  under  the  flrong  brafs  me- 
ridian will  have  noon  when  it  is  30  min.  pad  V 
in  the  afternoon  at  Pafaro,  in  Sicily. 

PROBLEM  IV. 

"When  it  is  noon  at  any  place,  to  find  what  hour 
of  the  day  it  is  at  any  other  place. 

Rule.  Bring  the  place  at  which  it  is  noon,  to 
the  drong  brafs  meridian,  and  fet  the  hour  index 
to  the  uppermoft  XII,  and  then  turn  the  globe 
about  till  the  other  place  comes  under  the  drong 
brafs  meridian,  and  the  hour  index  will  Ihew 
upon  the  equator  the  required  hour. 

If  to  the  eadward  of  the  place  where  it  is  noon* 
the  hour  found  will  be  in  the  afternoon  ; if  to  the 
wed  ward,  it  will  be  in  the  forenoon. 

Thus  when  it  is  noon  at  London,  it  is  50  min* 
pad  XII  at  Rome;  32  min.  pad  VII  in  the  even- 
ing at  Canton,  in  China ; 1 5 nnn.  pad  \ II  in 
the  morning  at  Quebec,  in  Canada. 
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PROBLEM  V. 

At  any  given  hour  in  the  place  where  you  are,  to 
find  the  hour  at  any  place  propofed ; or  in 
other  words,  the  hour  where  you  are  being 
given,  to  tell  what  hour  it  is  in  any  other  part 
of  the  w'orld. 

Rule.  Bring  the  propofed  place  under  the 
ftrong  biafs  meridian,  let  the  hour  index  to  the 
given  time,  then  turn  the  globe,  till  the  place 
where  you  are  is  under  the  brafs  meridian,  and 
the  horary  index  will  point  to  the  hour  required. 

Thus  fuppofe  we  are  at  London  at  IX  o’clock 
in  the  morning,  what  is  the  time  at  Canton,  in 
China?  Anfwer,  31  min.  pall  IV  in  the  after- 
noon. When  it  is  IX  in  the  evening  at  London, 
it  is  about  15  min.  part  IV  in  the  afternoon  at 
Quebec,  in  Canada. 


Of  Latitude. 


We  have  already  obferved,  that  the  equator 
divides  the  globe  into  two  hemifpheres,  the 
northern  and  the  fouthern. 


The 
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The  latitude  of  a place  is  it’s  difiance  from  the 
equator  towards  the  north  or  fouth  pole,  mea* 
fured  by  degrees  upon  the  meridian  of  the  place. 

All  places,  therefore,  that  lie  under  the  equator, 
are  faid  to  have  no  latitude. 

All  other  places  upon  the  earth  are  faid  to  be 
in  north  or  fouth  latitude,  as  they  are  lituated  on 
the  north  or  fouth  fide  of  the  equator ; and  the 
latitude  of  any  place  will  be  greater  qr  lefs, 
according  as  it  is  further  from,  or  nearer  to  the 
equator. 

Lines  which  keep  always  at  the  fame  diftarice 
from  each  other,  are  called  parallels. 

If  a circle,  or  circular  line,  be  conceived  keep- 
ing at  the  fame  diftance  from  the  equator,  it  will 
be  a parallel  to  the  equator. 

Circles  of  this  kind  are  commonly  drawn  on  the 
terreftrial,  on  both  fides  of  the  equator. 

A circle  of  this  kind  at  io  degrees  from  the 
equator,  is  called  a parallel  of  io  degrees. 


When 


OF  THE  GLOBES. 


285 


W hen  any  luch  parallel  pa  lies  through  two 
places  on  the  globe's  furface,  thofe  two  places 
have  the  fame  latitude. 

Hence  parallels  to  the  equator  are  called 

PARALLELS  OK  LATITUDE, 

rb-  r*_  aie  foui  principal  lefler  circles  parallel 
to  tiie  equator,  which  divide  the  globe  into  five 
unequal  parts,  called  zones. 

# 

i he  c i 1 cl e on  the  north  fide  of  the  equator  is 
caded  the  tropic  of  cancer;  it  juft  touches  the 
north  part  of  the  ecliptic,  and  fiiews  the  path 
the  fun  appears  to  deferibe,  the  longcft  day  in 
lummer. 

That  which  is  on  the  feuth  fide  of  the  equator, 
is  called  the  tropic  of  capricorn,-  it  juft 
touches  the  fouth  part  of  the  ecliptic,  and  fhews 
the  path  the  fun  appears  to  deferibe,  the  lhorteft 
day  in  winter. 

The  fpace  between  thefc  two  tropics,  which 
contains  about  47  degrees,  was  called  by  the  an- 
cients, the  torrid  zone. 
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The  two  polar  circles  are  placed  at  the  fame 
diftance  from  the  poles,  that  the  two  tropics  are 
from  the  equator. 

One  of  thefe  is  called  the  northern,  the  other 
the  southern  polar  circle. 

Thefe  include  23  f degrees  on  each  fide  of  their 
refoective  poles,  and  confequently  contain  47  de- 
crees, equal  to  the  number  of  degrees  included 
between  the  tropics. 

The  fpace  contained  within  the  northern  polar 
circle,  was  by  the  ancients  called  the  north  fri- 
gid zone;  and  that  within  the  fouthern  polar 
circle,  the  south  frigid  zone. 

The  fpaces  between  either  polar  circle,  and  it’s 
hcareft  tropic,  which  contain  about  43  degrees 
each,  were  called  by  the  ancients  the  two  tem- 
perate ZONES, 
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PROBLEM  VI. 

To  find  the  latitude  of  any  place. 

If  the  pupil  comprehends  the  foregoing  defini- 
tion, he  will  find  no  difficulty  in  the  folution  of 
this  and  fomc  of  the  following  problems. 

Rule.  Bring  the  place  to  the  graduated  fide 
of  the  llrong  brafs  meridian,  and  the  degree  which 
is  over  it  is  it’s  latitude.  Thus  London  will  be 
found  to  have  51  deg.  32  min.  north  latitude; 
Confiantinople  41  deg.  north  latitude ; and  the 
Cape  of  Good  Hope  34  deg.  fouth  latitude. 

PROBLEM  VII. 

To  find  all  thofe  places  which  have  the  fame 
latitude  with  any  given  place. 

Suppofe  the  given  place  to  be  London  ; turn 
the  globe  round,  and  ail  thofe  places  which  pafs 
under  the  fame  point  of  the  llrong  brafs  meridian, 
are  in  the  fame  latitude. 


PROBLEM 
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problem  viii. 

To  find  the  difference  of  latitude  between  two 

places. 

Rule.  If  the  places  be  in  the  fame  hemifphere, 
bring  each  of  them  to  the  meridian,  and  fubtraff 
the  latitude  of  one  from  the  other.  If  they  are  in 
different  hcmifphercs,  add  the  latitude  of  one  to 
that  of  the  other. 

Example.  The  latitude  of  London  is  5 1 deg. 
32  min.  j that  of  Confiantinople  41  deg.  ; their 
difference  is  10  deg.  32  min.  Of  the  difference 
between  London,  51  deg.  32  min.  north,  and 
the  Cape  of  Good  Hope,  34  deg.  fouth,  is  84 
deg.  32  min. 

PROBLEM  IX. 

The  latitude  and  longitude  of  any  place  being 
known,  to  find  that  place  upon  the  globe  ; or 
if  the  place  be  not  inferted  on  the  globe,  to  find 
where  it  ought  to  be  placed,  and  fix  the  center 
of  the  artificial  horizon  thereto. 

Rule.  Seek  for  the  given  longitude  in  the 

equator,  and  bring  the  moveable  meridian  to  that 

point ; 
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point ; then  count  from  the  equator  on  the  rhe-° 
ridian,  the  degree  of  latitude  either  towards  the 
north  or  fouth  pole,  and  bring  the  artificial  hori- 
zon to  that  degree,  and  the  interfedlion  of  it’s 
edge  with  the  meridian,  is  the  fituation  required. 

Example.  The  latitude  of  Smyrna,  in  Afia, 
is  38  deg.  28  min.  north  ; it’s  longitude  27  deg. 
30  min.  eafi  of  London  ; therefore,  bring  27  deg. 
30  min.  counted  eafi: ward  on  the  equator,  to  the 
moveable  meridian,  and  Hide  the  diameter  of  the 
artificial  horizon  to  38  deg.  28  min.  north  lati- 
tude, and  it’s  center  will  be  correaiy  placed  over 
Smyrna* 


It  may  be  proper  in  this  place  jufi  to  fhew  the 

pupil,  that  THE  LATITUDE  OF  ANY  PLACE  IS 
ALWAYS  EQUAL  TO  THE  ELEVATION  OF  THE  POLE 
OF  THE  SAME  PLACE  ABOVE  THE  HORIZON.  The 

reafon  of  this  is,  that  from  the  equator  to  the  pole 

is  90  degrees,  from  the  zenith  to  the  horizon  is 

alfo  90  degrees ; the  difiance  of  the  zenith  to  the 

pole  is  common  to  both,  and  therefore  if  taken 

away  from  both,  mufi  leave  equal  remains . that 

the  difiance  from  the  equator  to  the  zenith, 

^ ich  13  the  latitude,  is  equal  to  the  elevation  of 
the  pole. 


T 


As 
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As  the  finding  the  longitude  of  places  forms 
one  of  the  mod  important  problems  in  geography 
and  afironomy,  fome  further  account  of  it,  it  is 
prefumed,  will  prove  entertaining  and  ufeful  to 
the  reader. 

“ For  what  can  be  more  interefiing  to  a perfon 
in  a long  voyage,  than  to  be  able  to  tell  upon 
what  part  of  the  globe  he  is,  to  know  how  far  he 
has  travelled,  what  diftance  he  has  to  go,  and 
how  he  muft  diredt  his  courfe  to  arrive  at  the 
place  he  defigns  to  vilit ; thefe  important  par- 
ticulars are  all  determined  by  knowing  the  lati- 
tude and  longitude  of  the  place  under  confidera- 
tion.  When  the  difeovery  of , the  compafs  in- 
vited the  voyager  to  quit  his  native  fhore,  and 
venture  himfelf  upon  an  unknown  ocean,  that 
knowledge  which  before  he  deemed  of  no  impor- 
tance, now  became  a matter  of  abfolute  necefiity. 
Floating  in  a frail  veilel,  upon  an  uncertain  abyfs, 
he  has  configned  himfelf  to  the  mercy  of  the 
winds  and  wraves,  and  knows  not  where  he  is.”  * 

* The  following  infiance  will  prove  of  whatufe  it 
is  to  know  the  longitude  of  places  at  fea.  T he 
editor  of  Lord  Anfon’s  voyage,  fpeaking  of  the 

illand 


* Bonnycaftle’s  Aflronomy, 
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ifland  of  Juan  Fernandez,  adds,  “ The  uncer- 
tainty we  were  in  of  it’s  pofition,  and  our  {land- 
ing in  for  the  main  on  the  28th  of  May,  in  order 
to  fccure  a fufficient  eafling,  when  we  were  indeed 
extremely  near  it,  coft  us  the  lives  of  between  70 
and  80  of  our  men,  by  our  longer  continuance  at 
fea  ; from  which  fatal  accident,  we  might  have 
been  exempted,  had  we  been  furnifhed  with  fucli 
an  account  of  it’s  fituation,  as  we  could  fully  have 
depended  on.” 

The  latitude  of  a place  the  Tailor  can  eafily 
difeover  ; but  the  longitude  is  a fubjedt  of  the 
utmoft  difficulty,  for  the  difeovery  of  which 
many  methods  have  been  devifed.  It  is  indeed 
of  fo  great  confequence,  that  the  parliament  of 
Great  Britain  propofed  a reward  of  10,000/.  if  it 
extended  only  to  1 degree  of  a great  circle,  or  60 
geographical  miles  ; 1 5,000/.  if  found  to  40  fuch 
miles;  and  20,000/.  totheperfon  that  can  find  it 
within  30  minutes  of  a great  circle,  or  30  geogra- 
phical miles. 

VI  e cannot  enter  fully  into  this  fubjedl  in  thefe 
efiays ; it  will,  I hope,  be  deemed  fufficient,  if 
we  give  fuch  an  account  as  will  enable  the  reader 
to  form  a general  idea  of  the  folution  of  this  im- 
portant problem. 

T 2 
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From  what  has  been  feen  in  the  preceding 
pages,  it  is  evident  that  j 5 degrees  in  longitude 
anfwer  to  one  hour  in  time,  and  confequently 
that  the  longitude  of  any  place  would  be  known, 
if  we  knew  their  difference  in  time;  or  in  other 
words,  howr  much  fooner  the  fun,  &c.  arrives  at 
the  meridian  of  one  place,  than  that  of  another. 
The  hours  and  degrees  being  in  this  refpedt  com- 
menfurate,  it  is  as  proper  to  exprefs  the  diftance 
of  any  place  in  time,  as  in  degrees. 

Now  it  is  clear,  that  this  difference  in  time 
would  be  eafily  afeertained  by  the  obfervation  of 
any  inftantaneous  appearance  in  the  heavens,  at 
two  diftant  places ; for  the  difference  in  time  at 
which  the  fame  phenomenon  is  obferved,  will  be 
the  diftance  of  the  two  places  from  each  other  in 
longitude ; on  this  principle,  mod  of  the 
methods  in  general  ufe  are  founded. 

Thus  if  a clock,  or  watch,  wasfo  contrived,  as 
to  go  uniformly  in  all  feafons,  and  in  all  places  ; 
fuch  a watch  being  regulated  to  London  time, 
would  always  ftiew  the  time  of  the'day  at  Lon- 
don ; then  the  time  of  the  day  under  any  other 
meridian  being  found,  the  difference  between 
that  time,  and  the  correfponding  London  time, 
would  give  the  difference  in  longitude. 
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For  fuppofing  any  perfon  poffefied  of  one  of 
thefe  time-pieces,  to  fet  out  on  a journey  from 
London,  if  his  time-piece  be  accurately  adjuded, 
wherever  he  is,  he  will  always  know  the  hour  at 
London  exadfly ; and  when  he  has  proceeded  fo 
far  either  caff  ward  or  wed  ward,  that  a difference 
is  perceived  betwixt  the  hour  fhewn  by  his  time- 
piece, and  thofe  of  the  clocks  and  watches  at  the 
places  to  which  he  goes,  the  didance  of  thofe 
places  from  London  in  longitude  will  be  known. 
But  to  whatever  degree  of  perfe&ion  fuch  move- 
ments may  be  made,  yet  as  every  mechanical  in- 
ffrument  is  liable  to  be  injured  by  various 
accidents,  other  methods  are  obliged  to  be  ufed, 
as  the  eclipfcs  of  the  fun  and  moon,  or  of  Jupi- 
ter s fatellites.  Ihus  fuppofing  the  moment  of 
the  beginning  of  an  eclipfe  was  at  ten  o’clock  at 
night  at  London,  and  by  accounts  from  two  ob- 
fervers  in  two  other  places,  it  appears  that  it  be- 
gan with  one  of  them  at  nine  o’clock,  and  with 
the  other  at  midnight ; it  is  plain,  that  the  place 
where  it  began  at  nine  is  one  hour,  or  1 r degrees 
cad  in  longitude  from  London ; the  other  place 
where  it  began  at  midnight,  is  30  degrees  diffant 
in  wed  longitude  from  London.  Eclipfes  of  the 
lun  and  moon  do  not,  however,  happen  often 
enough  to  anfwer  the  purpofes  of  navigation; 
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and  the  motion  of  a fliip  at  fea  prevents  the  ob- 
fervations  of  thole  of  Jupiter’s  fatellites. 

If  the  place  of  any  celeftial  body  be  com- 
puted, for  example,  as  in  an  almanack,  for  every 
day,  or  to  parts  of  days,  to  any  given  meridian  ; 
and  the  place  of  this  celeftial  body  can  be  found  by 
obfervation  at  fea,  the  difference  of  time  between 
the  time  of  obfervation  and  the  computed  time, 
will  be  the  difference  of  longitude  in  time.  The 
moon  is  found  to  be  the  moll  proper  celellial  ob- 
ject, and  the  obfervations  oi  her  appulfes  to  any 
fixed  liar  is  reckoned  one  of  the  bell  methods  for 
refolving  this  difficult  problem. 

Length  of  the  Degrees  of  Longitude. 


Suppofing  the  earth  to  be  a perfefl  globe,  the- 
length  of  a degree  upon  the  meridian  has  been 
eftimatcd  to  be  69,1  miles  ; but  as  the  earth  is  an 
oblate  fpheroid,  the  length  of  a degree  on  the 
equator  will  be  fomewhat  greater, 


Whether  the  earth  be  conlidered  as  a fpheroid 
or  a globe,  all  the  meridians  interfed:  one  another 
at  the  poles.  Therefore,  the  number  of  miles  in 
a degree  muff  always  decrcafe  as  you  go  north  or 
fouth  from  the  equator.  This  is  evident  by  in- 
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fpe&ion  of  a globe,  where  the  parallels  of  lati- 
tude are  found  to  be  fmaller  in  proportion  as  they 
are  nearer  the  pole. 

The  following  table  fhews  how  many  geogra- 
phical miles,  and  decimal  parts  of  a mile,  would 
be  contained  in  a degree  of  longitude,  at  each 
degree  of  latitude  from  the  equator  to  the  poles, 
if  the  earth  was  a perfefl  fphere,  and  the  circum- 
ference of  its  equinoctial  line  360  degrees,  and 
each  degree  60  geographical  miles. 

This  table  enables  us  to  determine  the  velocity 
with  which  places  upon  the  globe  revolve  eaft- 
ward ; for  the  velocity  is  different,  according  to 
the  diffance  of  the  places  from  the  equator,  being 
fwifteft  as  paffing  through  a greater  fpace,  and  fo 
by  degrees  flower  towards  the  poles,  as  paffing 
through  a lefs  fpace  in  the  fame  time.  Now  as 
every  part  of  the  earth  is  moved  through  the 
fpace  of  it’s  circumference,  or  360  degrees  in  24 
hours;  the  fpace  deferibed  in  one  hour  is  found 
by  dividing  360  by  24,  which  gives  in  the  quo- 
tient 1 5 degrees  ; and  fo  many  degrees  does  every 
place  on  the  earth  move  in  an  hour.  The  num- 
ber of  miles  contained  in  fo  many  degrees  in  any 

latitude,  is  readily  found  from  the  table. 

* 

% 
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Thus  under  the  equator  places  revolve  at  the 
rate  of  more  than  1000  miles  in  an  hour;  at 
London,  at  the  rate  of  about  640  miles  in  an 
hour. 
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LAT . 

Deg.  Miles . 
oo  60,00 

1 5 9*99 

2 59,96 

3 59*92 

4 59*86 

5 59*77 

6 59,67 

7 59>56 

8 59,42 

9 59*26 

10  59,08 

11  58,89 

12  58,68 

13  58,46 

14  58,22 

*5  57*95 

16  57,67 

*7  57.37 

18  57,06 

19  56,73 

2°  56,38 

21  56,01 

22  55,63 

23  55*23 

24  54,8 1 

25  54,38 

26  53*93 

27  53,46 

28  52,97 

29  5247 

3°  St*96 


A 

B 

LAT. 

Deg. 

Miles. 

31 

51,43 

32 

50,88 

33 

5°»32 

34 

49-74 

35 

49**5 

36 

48,54 

37 

47*92 

38 

47,28 

39 

46,62 

40 

45*95 

4r 

45*28 

42 

44*59 

43 

43*88 

44 

43*16 

45 

42,43 

46 

41,68 

47 

40,92 

48 

40,15 

49 

39,36 

5° 

38*57 

5i 

37  »76 

52 

36*94 

53 

36*1 1 

54 

35,26 

55 

34,4i 

56 

33*55 

57 

32,68 

58 

3 1 *79 

59 

30,90 

60 

30,00 

61 

29,09 

E. 


LAT 

f 

Deg. 

Miles . 

62 

28,17 

63 

27,24 

64 

26,30 

6 5 

25*36 

66 

24, 4r 

67 

23*45 

68 

22,48 

69 

21,50 

70 

20*52 

71 

*9*54 

72 

i8*55 

73 

*7*54 

74 

i6*53 

75 

J5*52 

76 

*4*5* 

77 

I3»5° 

78 

12,47 

79 

11*45 

80 

10,42 

81 

9*38 

82 

8»35 

8 3 

7*32 

84 

6,28 

85 

5*23 

86 

4,18 

87 

3*H 

88 

2,09 

89 

1,05 

90 

0,00 
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Another  circumftance  which  arifes  from  this 
difference  of  meridians  in  time,  muff  detain  us  a 
little  before  we  quit  this  fubjeft.  For  from  this 
difference  it  follows,  that  ifafhip  fails  round  the 
world,  always  directing  her  courfe  eaftward,  flic 
will*  at  her  return  home  find  fhe  has  gained  one 
whole  day  of  thofe  that  flayed  at  home ; that  is, 
*f  they  reckon  it  May  1,  the  fhip’s  company  will 
reckon  it  May  2 ; if  weftward,  a day  lefs,  or 
April  30. 

This  circumftance  has  been  taken  notice  of  by 
navigators.  “ It  was  during  our  flay  at  Min- 
danao (fays  Capt.  Dampier)  that  we  were  fir  ft 
made  fenfible  of  the  change  of  time  in  the  courfe 
of  our  voyage  : for  having  travelled  fo  far  weft- 
ward,  keeping  the  fame  courfe  with  the  fun,  we 
confequently  have  gained  fomething  infeniibly  in 
the  length  of  the  particular  days,  but  have  loft  in 

the  tale  the  bulk  or  number  of  the  days  or  hours. 

/ 

According  to  the  different  longitudes  of  Eng, 
land  and  Mindanao,  this  ifle  being  about  210 
degrees  weft  from  the  Lizard,  the  difference  of 
time  at  our  arrival  at  Mindanao,  ought  to  have 
been  about  fourteen  hours ; and  fo  much  we 
ftiould  have  anticipated  our  reckoning,  having 
gained  it  by  bearing  the  fun  company. 


" Now 
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<f  Now  the  natural  day  in  every  place  muft  be 
confonant  to  itfelf ; but  going  about  with,  or 
again  ft  the  fun’s  courfe,  will  of  neceftity  make  a 
difference  in  the  calculation  of  the  civil  day 

4 ^ 

between  any  two  places.  Accordingly,  at  Min- 
danao, and  other  places  in  the  Eaft  Indies,  we 
found  both  natives  and  Europeans  reckoning  a 
day  before  us.  For  the  Europeans  coming  eaft- 
ward,  by  the  Cape  of  Good  Hope,  in  a courfe 
contrary  to  the  lun  and  us,  wherever  we  met, 
were  a full  day  before  us  in  their  accounts. 

I 

“ So  among  the  Indian  Mahometans,  their 
Friday  was  Thurfday  with  us ; though  it  was 
Friday  alfo  with  thofe  that  came  call  ward  from 
Europe. 

" Yet  at  the  Ladrone  iflands  we  found  the 
Spaniard*  of  Guam  keeping  the  fame  computa- 
tion with  ourfelves  ; the  reafon  of  which  I take  to 
be,  that  they  fettled  that  colony  by  a courfe  weft— 
ward  from  Spain  ; the  Spaniards  going  firft  to 
America,  and  tnence  to  the  Ladrone  iflands.” 

t 

It  is  clear,  from  what  has  been  faid  in  the  firft 
pait  of  this  article,  concerning  both  latitude  and 
longitude,  that  if  a perfon  travel  ever  fo  far  di- 
recJy  tovvards  eaft  or  weft,  his  latitude  would  be 

always 
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always  the  fame,  though  his  longitude  would  be 
continually  changing. 

But  if  he  went  diredly  north  or  fouth,  his  lon- 
gitude would  continue  the  fame,  but  his  latitude 
would  be  perpetually  varying. 

If  he  went  obliquely,  he  would  change  both  his 
latitude  and  longitude. 

The  longitude  and  latitude  of  places  give  only 
their  relative  diftanccs  on  the  globe  ; to  difeover, 
therefore,  their  real  diftance,  we  have  recourfe  to 
the  following  problem. 

PROBLEM  X. 

Any  place  being  given,  to  find  the  didance  of 
that  place  from  another,  in  a great  circle  of 
the  earth. 

We  (hall  divide  this  problem  into  three  cafes. 

Cafe  i.  If  the  places  lie  under  the  fame  me- 
ridian. Bring  them  up  to  the  meridian,  and 
mark  the  number  of  degrees  intercepted  between 
fhem.  Multiply  the  number  of  degrees  thus 
found  by  60,  and  they  will  give  the  number  ot 

geogra- 
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geographical  miles  between  the  two  places.  But 
if  we  would  have  the  number  of  Englifh  miles, 
'the  degree  before  found  mult  be  multiplied  by 
69  z • 


Cafe  2.  If  the  places  lie  under  the  equator. 
Find  their  difference  of  longitude  in  degrees, 
and  multiply  as  in  the  preceding  cafe,  by  60,  or 

69  b 

Cafe  3.  If  the  places  lie  neither  under  the 
fame  meridian,  nor  under  the  equator.  Then 
lay  the  quadrant  of  altitude  over  the  two  places, 
and  mark  the  number  of  degrees  intercepted  be- 
tween them.  Thefe  degrees  multiplied  as  above- 
mentioned,  will  give  the  required  diffance. 

A parallel  sphere  is  that  pofition  of  the 
globe,  in  which  the  poles  are  in  their  zenith  and 
nadir,  it’s  axis  at  right  angles  to  the  equator  and 
horizon,  which  coincide ; confequently,  thofe 
circles  which  are  parallel  to  the  equator,  are  alfo 
parallel  to  the  horizon. 

The  inhabitants  that  anfwer  to  this  pofition  of 
the  fphere,  if  any  there  be,  muff  live  upon  the 
two  terreffrial  poles,  and  will  have  but  one  day 
and  one  night  throughout  the  year,  each  fix 

months 
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months  long.  The  day,  to  thofe  who  live  under 
the  north  pole,  begins  when  the  fun  enters  Aries, 
and  continues  till  he  reaches  Libra,  when  night 
commences,  and  continues  the  other  fix  months. 
Thofe  who  live  under  the  fouth  pole,  experience 
the  diredl  contrary  ; but  both  enjoy  a long  con- 
tinuance of  twilight,  after  the  fun  has  departed 
from  them,  and  before  he  appears  again. 

For  half  a year,  the  inhabitants  of  the  pole  fee 
the  fun  moving  continually  round  above  their 
horizon,  in  a kind  of  fpiral  line  ; when  they  firft 
perceive  him,  he  fkims,  as  it  were,  their  horizon, 
then  rifes  gradually  higher,  till  he  reaches  the 
tropic,  when  he  again  defeends,  till  he  touches 
the  horizon,  when  their  long  and  gloomy  night 
begins. 

During  their  fummer’s  day,  the  moon  appears 
to  them  in  the  heavens  only  as  a white  cloud  ; in 
the  winter,  during  her  lecond  and  third  quarters, 
file  circulates  above  the  horizon  for  feveraldays, 
without  fetting,  being  a fortnight  above,  ana  a 
fortnight  below  the  horizon. 

They  can  only  fee  the  flars  in  that  hemifphere 
between  the  pole  and  the  equator ; during  half  a 
year,  none  of  them  are  vifible,  being  fwallowed 

up. 
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up,  as  it  were,  by  the  fuperior  bght  of  the  fun. 
To  them  the  liars  never  fet,  but  move  in  circles 
parallel  to  the  horizon,  keeping  always  the  fame 
altitude.  The  planets  are  half  their  time  above, 
and  half  below  the  horizon. 

A RIGHT  sphere  is  that  in  which  the  equator 
is  at  right  angles  to  the  horizon,  and  therefore  in 
the  zenith  and  nadir,  and  in  which  the  poles  are 
in  the  horizon. 

I he  inhabitants  that  anfvvcr  to  this  lituation  of 
the  fpherc,  live  under  the  equator;  their  days 
and  nights  are  of  an  equal  length  throughout  the 
year,  being  each  of  them  twelve  hours  in  length. 

The  fun  rifes  and  fets  nearly  perpendicular;  he 
is  half  a year  on  one  fide  their  zenith,  and  as 
much  on  the  other,  palling  over  it  twice  a year  at 
the  equinoxes. 

There  is  nothing  uncommon  in  the  appearance 
of  the  moon,  but  her  riling  and  fetting  like  the 
fun,  nearly  in  a perpendicular  direction;  but 
rhere  is  to  thefe  inhabitants  a molt  glorious  dif- 
play  of  all  the  liars  in  the  heavens,  from  pole  to 
pole,  all  of  them  linng  and  fetting  perpendicular, 
except  the  poles  which  lie  in  the  hoi  izon. 


An 
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An  oblique  sphere  is  the  polition  common  to 
all  the  inhabitants  of  the  earth,  except  thofe  who 
live  at  the  poles,  and  upon  the  equator;  it  is  thus 
named,  becaufe  the  equator  cuts  the  horizon  ob^ 
liquely. 

In  this  fphere  the  axis  of  the  earth  always 
makes  an  acute  angle  with  the  horizon;  the 
equator  is  half  above  and  half  below  it. 

All  the  parallels  to  the  equator  cut  the  horizon 
alfo  obliquely,  and  thus  make  the  diurnal  arches 
greater  or  lefs  than  the  nodturnal  ones,  except- 
ing at  the  time  of  the  equinoxes. 

• Thofe  inhabitants  of  this  fphere,  who  live 
without  the  tropics,  never  have  the  fun  in  their 
zenith  ; but  under  the  tropics  the  fun  is  vertical 
once,  and  between  the  tropics  and  the  equator 
twice  every  year. 

In  this  polition  the  dars  rife  and  fet  obliquely  ; 
and  as  the  moon,  when  at  full,  is  always  in  an 
oppofite  fign  to  the  fun,  lhe  is  on  the  fouth  lidc 
of  the  equator  in  fummer,  and  confequently  her 
altitude  is  low,  and  her  courfe  fhort ; but  in 
winter,  when  at  the  full,  fhe  is  in  the  northern 
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figns,  making  a high  long  circuit,  which  is  of 
great  nfe  in  that  dreary  feafon. 

Of  the  diurnal  Motion  of  the  Earth. 

As  the  daily  motion  of  the  earth  about  it's 
axis,  and  the  phenomena  dependent  on  it,  arc 
fome  oi  the  moll  ellential  points  which  a beginner 
ought  to  have  in  view,  we  fliall  now  endeavour 
to  explain  it  by  the  globes;  and  here,  I think, 
the  advantage  of  globes  mounted  in  my  father's 
mannei,  ovci  thofe  generally  uled,  will  be  very 
evident. 


We  have  already  obferved,  that  in  globes 
mounted  in  our  manner,  the  motion  of  the  ter- 
reftrial  globe  about  it’s  axis  reprefents  the  diurnal 
motion  ot  the  earth,  and  that  the  horary  index 
will  point  out  upon  the  equator  the  24  hours  of 
one  diurnal  rotation,  or  any  part  of  that  time. 

We  fliall  now  confider  the  broad  paper  circle 
as  the  plane  which  diltinguiflies  light  from  dark- 
nels ; that  is,  the  enlightened  half  of  the  earth’s 
lurface,  from  that  which  is  not  enlightened. 


U 


Fa 
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For  when  the  fun  fhines  upon  a globe,  he  fhines 
only  upon  one  half  of  it ; that  is,  one  half  of  the 
globe’s  furface  is  enlightened  by  him,  the  other 
not. 

That  the  enlightened  half  may  be  that  half 
which  is  above  the  broad  paper  circle,  we  mull 
imagine  the  fun  to  be  in  our  zenith. 

Or  let  a fun  be  painted  on  the  ceiling  over  the 
terreftrial  globe,  the  diameter  of  the  pidure  equal 
to  the  diameter  of  the  globe. 

Then  all  thofe  places  that  are  above  the  broad 
paper  circle,  will  be  in  the  fun’s  light;  that  is, 
it  will  be  day  in  all  thofe  places. 

And  all  places  that  are  below  this  circle,  will 
be  out  of  the  fun’s  light ; that  is,  in  all  thofe 
places  it  will  be  night. 

When  any  place  on  the  earth’s  furface  comes 
to  the  edge  of  the  broad  paper  circle,  palling  out 
of  the  fhade  into  the  light,  the  fun  will  appear 
rising  at  that  place. 


And 


OF  THE  GLOBES* 


S°7 

And  when  a place  is  at  the  edge  of  the  broad 
paper  circle,  going  out  of  the  light  into  the  {hade, 
the  fun  will  appear  at  that  place  to  be  setting. 

When  we  view  the  globe  in  this  pofition,  we 
at  once  fee  the  fuuation  of  all  places  in  the  illu- 
minated hemifphere,  whofe  inhabitants  enjoy  the 
light  of  the  day.  One  edge  of  the  broad  paper 
circle  fhews  at  what  place  the  fun  appears  riling 
at  the  same  time.  And  the  oppofite  edge  fhews 
at  what  places  the  fun  is  fetting  at  the  fame  time. 

\ 

The  horary  index  fhews  how  long  a place  is 
moving  from  one  edge  to  the  other  ; that  is,  how 
long  the  day  or  night  is  at  that  place. 

To  RECTIFY  THE  TERRESTRIAL  GlOBE. 

To  redfify  the  ter  re  final  globe,  is  to  place  it  in 
the  fame  polition  in  which  our  earth  Hands  to 
the  fun,  at  all  or  any  given  times. 

That  half  of  the  earth’s  furface,  which  is  en- 
lightened by  the  fun,  is  not  always  the  fame;  it 
differs  according  as  the  fun’s  declination  differs. 


U 2 


To 
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To  rectify  then  the  terreftrial  globe,  is  to  bring 
it  into  fuch  a polition,  as  that  the  enlightened 
half  of  the  earth's  furface  may  be  all  above  the 
broad  paper  circle. 

On  the  back  fide  of  the  ftrong  brafs  meridian, 
and  on  each  fide  of  the  north  pole,  the  months 
and  days  of  the  month,  are  graduated  in  two 

concentric  fpaces,  agreeable  to  the  declination  of 

» 

the  fun. 

Bring  the  day  of  the  month  that  is  graduated, 
on  the  back  fide  of  the  ftrong  brafs  meridian,  to 
coincide  with  the  broad  paper  circle,  and  the 
globe  is  rectified. 

Thus  fet  the  firft  of  Mav  to  coincide  with  the 
broad  paper  circle,  and  that  half  of  the  earth’s 
furface  which  is  enlightened  at  any  time  upon 
that  day,  will  be  all  at  once  above  the  faid  circle. 

If  the  horary  index  be  fet  to  XII  when  any 
particular  place  is  brought  under  the  ftrong  brafs 
meridian,  it  will  fhew  the  precife  time  ot  fuh- 
rifing  and  fun-fetting  at  that  place. 


It 
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It  will  alfo  (hew  how  long  any  place  is  in 
moving  from  the  eaft  to  the  weft  fide  of  the  illu- 
minated difc,  and  thence  the  length  of  the  day  and 
night. 

It  will  alfo  point  out  the  length  of  the  twi- 
light,  by  flic  wing  the  time  in  which  the  place  is 
palling  from  the  twilight  circle  to  the  edge  of  the 
broad  paper  circle  on  the  weftern  fide ; or  from 
the  edge  of  this  circle  on  the  eallern  fide,  to  the 
twilight  wire,  and  thus  determine  the  length  of 
the  whole  artificial  day. 

N.  B.  The  twilight  wire  is  placed  at  18  de- 
grees from  the  broad  paper  circle. 

We  (hall  now  proceed  to  exemplify  upon  the 
globes  thefe  particulars,  at  three  different  feafons 
of  the  year,  viz.  the  fummer  folflice,  the  winter 
folfiicc,  and  the  time  or  times  of  the  equinoxes. 


/ 


U 
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PROBLEM  XI. 

To  place  the  globe  in  the  fame  fituation,  with 

refpebt  to  the  fun,  as  our  earth  is  in  at  the  time 

of  the  fummer  folftice. 

Rectify  the  globe  to  the  extremity  of  the  dR 
vifions  for  the  month  of  June,  or  231  degrees 
north  declination  ; that  is,  bring  thefe  divifions 
on  the  hrong  brafs  meridian  to  coincide  with  the 
plane  of  the  broad  paper  circle. 

Then  that  part  of  the  earth’s  furface,  which  is 
within  the  northern  polar  circle,  will  be  above 
the  broad  paper  circle,  and  will  be  in  the  light, 
and  the  inhabitants  thereof  will  have  no  night, 

But  all  that  fpace  which  is  contained  within 
the  fouthern  polar  circle,  will  continue  in  the 
fhade ; that  is,  it  will  there  be  continual  night. 

In  this  pofition  of  the  globe,  the  pupil  will 
obferve  how  much  the  diurnal  arches  of  the 
parallels  of  latitude  decreafe,  as  they  are  more 
and  more  dihant  from  the  elevated  pole. 

If  any  place  be  brought  under  the  ftrong  brafs 
meridian,  and  the  horary  index  is  fet  to  that  XII 

which 


OF  THE  GLOBES* 


3*1 

which  is  moft  elevated,  and  the  place  be  after- 
wards brought  to  the  weftern  fide  of  the  broad 
paper  circle,  the  hour  index  will  fhew  the  time 
of  fun-rifing  ; and  when  the  place  is  moved  to 
the  eaftern  edge,  the  index  points  to  the  time  of 
fun-fetting. 

i * 

The  length  of  the  day  is  obtained  by  the  time 
fhewn  by  the  horary  index,  while  the  globe  moves 
from  the  weft  to  the  eaft  fide  of  the  broad  paper 
circle. 


Thus  it  will  be  found,  that  at  London  the  fun 
rifes  about  15  minutes  before  IV  in  the  morning, 
and  fets  about  15  minutes  after  VIII  at  night. 


At  the  following  places,  it  will  be  nearly  at  the 
times  exprefled  in  the  table. 


O 

Riling. 
h.  in. 

Cape  Horn  8 44 

Cape  of  Good  Hope  7 9 

Rio  dejaneiro,  in  Brazil  6 42 

Illand  ol  St.  Thomas, 
near  the  equator  - 6 

Cape  Lucas,  California  5 12 


0 

Length 

Twi- 

Setting 

of  day. 

light. 

h.  m. 

h.  m • 

h.  in. 

3 16 

6 32 

2 35 

4 5i 

9 42 

1 43 

5 19 

10  38 

1 23 

6 

12 

1 20 

6 48 

»3  36 

1 35 
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We  alfo  fee,  that  at  the  fame  time  the  fun  is 
rifing  at  London,  it  is  riling  at  the  ifles  of  Sicily 
and  Mad ega fear. 

And,  that  at  the  time  when  the  fun  fets  at  Lon- 
don, it  is  fetting  at  the  ifland  of  Madeira,  and  at 
Cape  Horn. 

And  when  the  fun  is  fetting  at  the  ifland  of 
Borneo,  in  the  Ealf  Indies,  it  is  rifing  at  Florida, 
in  America,  and  many  other  fimilar  circum- 
ftances  relative  to  other  places,  are  feen  as  it  were 
by  infpedtion. 


PROBLEM  XII, 

To  explain  the  fituatlon  of  the  earth,  with  refpecT 
to  the  fun,  at  the  time  of  the  winter  folfiice. 

Rectify  the  globe  to  the  extremity  of  the  divi- 
fions  for  the  month  of  December,  or  to  23  | 
degrees  fouth  declination. 

When  it  will  be  apparent  that  the  whole  fpace 
within  the  fouthern  polar  circle  is  in  the  fun's 
light,  and  enjoys  continual  day ; whilft  that  of 
the  northern  polar  circle  is  in  the  Iliad e,  and  'has 
continual  night. 


If 
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If  the  globe  be  turned  round,  as  before,  the 
horary  index  will  fhew,  that  at  the  feveral  places 
before-mentioned  their  days  will  be  refpectively 
equal  to  what  their  nights  were  at  the  time  of  the 
fummer  folhice. 

It  will  appear  farther,  that  it  is  now  fun-fetting 
at  the  fame  time  in  thofe  places,  in  which  it  was 
fun-riling  at  the  fame  time  at  the  hummer  holftice. 
And  on  the  contrary,  fun-riling  at  the  time  it 
then  appeared  to  hot. 

problem  xi  u. 

To  place  the  globe  in  the  hituation  of  the  earth, 
at  the  times  of  the  equinox. 

The  fun  has  no  declination  at  the  times  of  the 
equinox,  confequently  there  muft  be  no  elevation 
of  the  pole. 

Bring  the  day  of  the  month  when  the  fun 
enters  the  fir  11  point  of  Aries,  or  day  of  the 
month  when  the  fun  enters  the  firh  point  of  Libra, 
to  the  plane  of  the  broad  paper  circle  ; then  the 
two  poles  of  the  globe  will  be  in  that  plane  aifo, 
and  the  globe  will  be  in  the  pofition  which  is 
called  a right  sphere. 


For 
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For  it  is  a right  fphcre  when  the  two  poles  arc 
jn  the  plane  ol  the  broad  paper  circle,  becaufe 
then  all  thofc  circles  which  are  parallel  to  the 
equator  will  be  at  right  angles  to  that  plane. 

If  the  globe  be  now  turned  from  weft  to  eaft, 
it  will  plainly  appear,  that  all  places  upon  it’s 
furface  are  twelve  hours  above  the  broad  paper 
circle,  and  twelve  hours  below  it ; that  is,  the 
days  are  twelve  hours  long  all  over  the  earth,  and 
that  the  nights  are  equal  to  the  days,  whence 
thefe  times  are  called  the  times  of  equinox. 

Two  of  thefe  occur  in  every  year;  the  firft  in 
the  autumnal,  the  fecond  the  vernal  equinox. 

At  thefe  feafons  the  fun  appears  to  rife  at  the 
fame  time  to  all  places  that  are  on  the  fame  me- 
ridian. The  fun  fets  alfo  at  the  fame  time  in  all 
thofe  places. 

Thus  if  London  and  Mundford,  on  the  gold 
coaft,  be  brought  to  the  ftrong  brafs  meridian, 
the  graduated  fide  of  which  is  in  this  cafe  the 
horary  index,  and  they  be  afterwards  carried  to 
the  weftern  edge  of  the  broad  paper  circle,  the 
index  will  fhew  that  the  fun  rifes  at  VI  at  both 

places; 
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places ; when  they  are  carried  to  the  caftern  edge, 
the  index  points  to  VI  for  the  time  of  fun-fetting. 

N.  B.  If  London  be  not  the  given  place,  the 
hour  index  is  to  be  fet  to  the  mol!  elevated  XII, 
while  the  place  is  under  the  graduated  edge  of  the 
ilrong  brafs  meridian. 


Of  the  Artificial,  or  Terrestrial  Horizon. 


The  brafs  circle,  which  may  be  Hipped  from 
pole  to  pole  on  the  moveable  meridian,  has  been 
already  defcribed,  page  257.  The  circumference 
of  it  is  divided  into  eight  parts,  to  which  are 
affixed  the  initial  letters  of  the  mariner’s  com- 
pafs. 

When  the  center  of  it  is  fet  to  any  particular 
place,  the  fituation  of  any  other  place  is  feen, 
with  refpeCt  to  that  place ; that  is,  whether  they 
be  eaff,  weft,  north,  or  fouth  of  it. 

It  will,  therefore,  reprefent  the  horizon  of 
that  place. 

We  fhall  here  ufe  this  artificial  horizon,  to 
fhew  why  tne  fun,  although  he  be  always  in  one 
and  the  fame  place,  appears  to  the  inhabitants  of 

the 
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the  earth  at  different  altitudes,  and  in  different 
azimuths. 


problem  xiv. 

To  exemplify  the  fun’s  altitude,  as  obferved  with 
an  artificial  horizon. 

/ 

The  altitude  of  the  fun  is  greater  or  lefs,  ac- 
cording as  the  line  which  goes  from  us  to  the  fun 
is  nearer  to,  or  farther  off  from  our  horizon. 

Let  the  moveable  circle  be  applied  to  any  place, 
as  London,  then  will  the  horizon  of  London  be 
thereby  reprefented. 

The  fun  is  fuppofed,  as  before,  to  be  in  the 
zenith,  that  is,  direftly  over  the  terreftrial  globe. 

If  then  from  London  a line  go  vertically  up- 
wards, the  fun  will  be  feen  at  London  in  that  line. 

At  fun-rifing,  when  London  is  brought  to  the 
weft  edge  of  the  broad  paper  circle,  the  fuppofed 
line  will  be  parallel  to  the  artificial  horizon,  and 
the  fun  will  then  be  feen  in  the  horizon. 


As 
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As  the  globe  is  gradually  turned  from  the  weft 
towards  the  eaft,  the  horizon  will  recede  from 
that  line  which  goes  from  London  vertically  up- 
wards ; fo  that  the  line  in  which  the  fun  is  fecn, 
gets  further  and  further  from  the  horizon,  that  is, 
the  fun’s  altitude  increafes  gradually. 

When  the  horizon,  and  the  line  which  goes 
from  London  vertically  upwards,  are  arrived  at 
the  ftrong  brafs  meridian,  the  fun  is  then  at  his 
greateft  or  meridian  altitude  for  that  day,  and 
the  line  and  horizon  are  at  the  largeft  angle  they 
can  make  with  each  other.  r 

After  this,  the  motion  of  the  globe  being  con- 
tinued, the  angle  between  the  artificial  horizon, 
and  the  line  which  goes  from  London  vertically 
upwards,  continually  decreafes,  until  London 
arrives  at  theeaftern  edge  of  the  broad  paper  cir- 
cle ; it’s  horizon  then  becomes  vertical  again, 
and  parallel  to  the  line  which  goes  vertically  up- 
wards. The  lun  will  again  appear  in  the  horizon, 
and  will  fet. 
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PROBLEM  XV. 

Of  the  fun’s  meridian  altitude,  at  the  three 
different  feafons. 

Rectify  the  globe  to  the  time  of  the  winter 
fold  ice,  by  problem  xii.  and  place  the  center  of 
the  vifible  horizon  on  London. 

When  London  is  at  the  graduated  edge  of  the 
ffrong  brafs  meridian,  the  line  which  goes  ver- 
tically upwards  makes  an  angle  of  about  15  de- 
grees ; this  is  the  fun’s  meridian  altitude  at  that 
feafon,  to  the  inhabitants  of  London. 

If  the  globe  be  rectified  to  the  times  of  equi- 
nox, by  problem  xii.  the  horizon  will  be  farther 
feparated  from  the  line  which  goes  vertically  up- 
wards, and  makes  a greater  angle  therewith,  it 
being  about  38  \ degrees;  this  is  the  fun’s  me- 
ridian altitude,  at  the  time  of  equinox  at  London. 

Again,  redtify  to  the  fummer  folftice  by  prob. 
xi.  and  you  will  find  the  artificial  horizon  recede 
farther  from  the  line  which  goes  from  London 
vertically  upwards,  and  the  angle  it  then  makes 
is  about  62  degrees,  which  fhews  the  fun's  me* 
ridian  altitude  at  the  time  of  the  fummer  folllice. 

Hence 
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Hence  flows  alfo  the  following  arithmetical 
problem. 


problem  xvr. 

To  find  the  fun’s  meridian  altitude  univerfally. 

Add  the  fun’s  declination  to  the  elevation  of  the 
equator,  if  the  latitude  of  the  place,  and  the  de- 
clination of  the  fun  are  both  on  the  fame  fide. 

If  on  contrary  fldes,  fubtradl  the  declination 
from  the  elevation  of  the  equator,  and  you  obtain 
the  fun’s  meridian  altitude. 

Thus  the  elevation  of  the  equator  at 

London  is  - 38^  2 S 

The  fun’s  declination  on  the  20thofMay  20  8 

Their  fum,  the  fun’s  meridian  altitude 

that  day  - , 58  36 


Again, 
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Again,  to  the  elevation  of  the  equator 

at  London  — 38°  2$ 

Add  the  fun’s  greateft  declination  at  the 

time  of  the  fummer  l'olltice  - 23  29 

The  fum  is  the  fun's  greateft  meridian 

altitude  at  London  — - 61  57 


Problem’  xvii* 

Of  the  fun’s  azimuths,  as  compared  with  the 
artificial  horizon. 

The  artificial  horizon  ferves  alfo  to  determine 
the  fun’s  azimuths. 

An  azimuth  of  the  fun  is  denominated  from 
that  point  of  the  horizon,  to  which  the  fun,  or  a 
line  going  to  the  fun,  is  nearefL 

Thus  if  the  fun,  or  a line  going  to  the  fun, 
be  neared:  the  fouth-eaft  point  of  the  horizon, 
which  point  is  45  degrees  diftant  from  the  me- 
ridian, the  fun’s  azimuth  is  an  azimuth  of  45 
degrees,  and  the  fun  will  appear  in  the  fouth-eafL 


Imagine 
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Imagine  the  fun,  as  we  have  done  before,  to 
be  placed  dire&ly  over  the  globe. 

In  which  cafe,  a line  going  to  the  fun  from 
any  place  on  the  furface  of  the  globe,  will  have  a 
vertical  direction,  and  will  go  from  that  place 
vertically  upwards. 

If  then  we  apply  th$  artificial  horizon  to  any 
place,  the  point  of  this  horizon  to  which  a ver- 
line  is  neareft,  fhews  the  fun’s  azimuth  at  that 
time. 

It  is  obfervable,  that  the  point  of  the  horizon 
to  which  fuch  a vertical  line  is  neareft,  will  be  at 
all  times  that  point  which  is  mod  elevated. 

To  exemplify  this,  let  the  globe  be  in  the 
pofition  of  a right  fphere,  and  let  the  artificial 
horizon  be  applied  to  London. 

When  London  is  at  the  weftern  edge  of  the 
broad  paper  circle,  which  fituation  reprefents  the 
time  when  the  fun  appears  to  rife,  the  eaftern 
point  ot  the  artificial  horizon  being  then  molt 

olevated,  fhews  that  the  fun  at  his  riling  is  due 

eafi. 


X 


Turn 
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Turn  the  globe,  till  London  comes  to  the 
eaftern  edge  of  the  broad  paper  circle,  then  the 
weftern  point  of  the  artificial  horizon  will  be 
moft  elevated,  die  wing  that  the  fun  lets  due  weft. 

Now  place  the  globe  in  the  pofition  of  an  ob- 
lique fphere  ; and  if  London  be  brought  to  the 
eaftern  or  weftern  lide  of  the  broad  paper  circle, 
the  vertical  line  will  depart  more  or  lefts  from  the 
eaft  and  weft  points,  in  which . cafe  the  fun  is 
faid  to  have  more  or  lefs  amplitude. 

If  the  departure  be  northward,  it  is  called 
northern  amplitude ; if  fouthward,  it  is  called 
fouthern  amplitude. 

In  whatever  pofition  the  globe  be  placed,*  when 
London. comes  to  the  ftrong  brafs  meridian,  the 
moft  elevated  part  of  the  artificial  horizon 
will  be  the  fouth  point  of  it. 

Which  lliews  that  at  noon  the  fun  will  always, 
and  in  all  feafons,  appear  in  the  fouth. 


* The  globe  is  not  fuppofed  in  this  cafe,  or  under  this 
view  of  things,  ever  to  be  elevated  above  the  limits  of  the 
fun’s  declination. 
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PROBLEM  XVIII. 

To  illuftrate  the  ancient  diflindion  of  different 
places  on  the  earth,  according  to  the  divcrfity 
of  the  fhadows  of  upright  bodies  at  noon. 

When  the  fun  at  noon  is  in  the  zenith  of  any 
place,  the  inhabitants  of  that  place  were  by  the 
ancients  called  ascii;  that  is,  without  fhadow : 
for  the  fhadow  of  a man  ftanding  upright,  when 
the  fun  is  diredly  over  his  head,  is  not  extended 
beyond  that  part  of  the  earth  which  is  diredly 
under  his  body,  and  therefore  will  not  be  vifible. 

As  the  fhadow  of  every  opake  body  is  extended 
from  the  fun,  it  follows,  that  when  the  fun  at 
noon  is  fouthward  from  the  zenith  of  any  place, 
the  fhadow  of  an  inhabitant  of  that  place,  and 
indeed  of  every  other  opake  body,  is  extended 
towards  the  north. 

But  when  the  fun  is  northward  from  the  zenith 
°J  any  place,  the  fhadow  falls  towards  the  fouth* 


X 2 
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Thofe  arc  called  amphiscii,  that  have  both 
kinds  of  meridian  fhadows. 

Thofe  whofe  meridian  fhadows  are  always 
projected  one  way,  are  termed  heteroscii. 

0 

Rectify  the  globe  to  the  fummer  folftice,  and 
move  the  artificial  horizon  to  the  equator,  the 
north  point  will  be  the  molt  elevated  at  noon. 

Which  (hews,  that  to  thofe  inhabitants  who 
live  at  the  equator,  the  fun  will  at  this  feafon  ap- 
pear to  the  north  at  noon,  and  their  fhadow  will 
therefore  be  projected  fouthwards. 

But  if  you  rectify  the  globe  to  the  winter 
folftice,  the  fouth  point  being  then  the  uppermoft 
point  at  noon,  the  fame  perfons  will  at  noon  have 
the  fun  on  the  fouth  fide  of  them,  and  will  pro- 
ject their  fhadows  northwards. 

Thus  they  are  amphifeii,  projecting  their  fhade 
both  ways,  which  is  the  cale  oi  ail  the  inhabitants 
within  the  tropics. 

The  artificial  horizon  remaining  as  before, 
rectify  the  globes  to  the  times  of  the  equinox,  and 
you  will  find  that  when  this  horizon  is  under  the 

flrong 
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ftrong  brafs  meridian,  a line  going  vertically  up- 
wards will  be  perpendicular  to  it,  and  confc- 
quently  the  fun  will  be  dirc&ly  over  the  heads  of 
the  inhabitants,  and  they  will  be  afcii,  having  no 
noon  fhade ; their  fhadow  is  in  the  morning 
projected  directly  weftward,  in  the  evening 
directly  eaftward, 

The  fame  thing  will  alfo  happen  to  all  the  in- 
habitants who  live  between  the  tropics  of  Cancer 
and  Capricorn,  fo  that  they  are  not  only  afcii,  but 
amphifcii  alfo. 

Thofe  who  live  without  the  tropics  arc  hcterof- 
cii  ; thofe  in  north  latitude  have  the  noon  fhade 
always  directed  to  the  north,  while  thofe  in  fouth 
latitude  have  it  always  projected  to  the  fouth. 

\ 

The  inhabitants  of  the  polar  circles  arc  called 
periscii,  betaufe  as  the  fun  goes  round  them 
continually,  their  fhade  goes  round  them  likewife. 


PROBLEM 
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PROBLEM  XIX. 

Of  the  antceci,  perkeci,  and  ANTIPODES, 

Thefe  terms  being  often  mentioned  by  geogra- 
phical writers,  it  will  be  neceffary  to  take  fome 
notice  of  them. 

The  antceci  are  two  nations  which  are  in  or 
near  the  fame  meridian,  the  one  in  north,  the 
other  in  fouth  latitude. 

They  have,  therefore,  the  fame  longitude, 
but  not  the  fame  latitude ; oppofite  feafons  of  the 
year,  but  the  fame  hour  of  the  day  ; the  days  of 
the  one  are  equal  to  the  nights  of  the  other,  and 
vice  verfa ; when  the  days  of  the  one  are  at  the 
longefx,  they  are  fhorteft  at  the  other. 

When  they  look  towards  each  other,  the  fun 
fee  ms  to  rife  on  the  right  hand  of  the  one,  but  on 
the  left  of  the  other.  They  have  different  poles 
elevated,  and  the  ffars  that  never  fet  to  the  one, 
are  never  feen  by  the  other. 

Perkeci  are  alfo  two  oppofite  nations,  fituatcd 
on  the  fame  parallel  of  latitude. 


They 
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They  have,  therefore,  the  fame  latitude,  but 
differ  i 8q  degrees  in  longitude;  the  fame  fca- 
fons  of  the  year,  but  oppofite  hours  of  the  day  : 
for  when  it  is  twelve  at  night  to  the  one,  it  is 
twelve  at  noon  with  the  other.  On  the  equi- 
noftial  days,  the  fun  is  rifing  to  one,  when  it  is 
fetting  to  the  other. 

Antipodes  are  two  nations  diametrically  op- 
pofite, which  have  oppofite  feafons  and  latitude, 
oppofite  hours  and  longitude. 

The  fun  and  ffars  rife  to  the  one,  when  they  fee 
to  the  other,  and  that  during  the  whole  year,'  for 
they  have  the  fame  horizon. 


The  day  of  the  one  is  the  night  of  the  other, 
and  when  the  day  is  longed:  with  the  one,  the 
other  has  it’s  Ihorteflt  day. 


They  have  contrary  feafons  at  the  fame  time  - 
different  poles,  but  equally  elevated : and  thofc 
Kars  mat  arc  always  above  the  horizon  of  one, 
are  always  under  the  horizon  of  the  other. 

To  exemplify  chefe  particulars,  bring  the  given 
Place  to  the  flrong  brafs  meridian;  then  in  the 
oppofite  hcmifpherc,  and  under  the  fame  degree 

N 4 - of 
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of  latitude  with  the  given  place,  you  will  find  the 
antoeci. 

/ 

The  given  place  remaining  under  the  meridian, 
fet  the  horary  index  to  XII ; then  turn  the  globe, 
till  the  other  XII  is  under  the  index,  then  will 
you  find  the  perioeci  under  the  fame  degree  of 
latitude  with  the  given  place. 

Thus  the  inhabitants  of  the  fouth  part  of  the 
Chili  are  antoeci  to  the  people  of  New  England, 
whofe  perioeci  are  thofe  Tartars  who  dwell  on  the 
north  borders  of  China,  which  Tartars  have  the 
faid  inhabitants  of  Chili  for  their  antipodes. 

This  will  become  evident,  by  placing  the 
globe  in  the  pofition  of  a right  fphere,  and  bring- 
ing thofe  nations  to  the  edge  of  the  broad  paper 
circle. 


$ 
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PROBLEM  XX. 

The  day  of  the  month  being  given,  to  find  all 
thofe  places  on  the  globe,  over  whole  zenith 
the  fun  will  pafs  on  that  day. 

Rectify  the  terreftrial  globe,  by  bringing  the 
given  day  of  the  month  on  the  back  fide  of  the 
itrong  brafs  meridian,  to  coincide  with  the  plane 
of  the  broad  paper  circle  ; obferve  the  number  of 
degrees  of  the  brafs  meridian,  which  correfponds 
to  the  given  day  of  the  month. 

This  number  of  degrees,  counted  from  the 
equator  on  the  ftrong  brafs  meridian  towards  the 
elevated  pole,  is  the  point  over  which  the  fun  is 
vertical ; and  all  thofe  places  which  pafs  under 
this  point,  have  the  fun  directly  vertical  on  the 
given  day. 

Example.  Bring  tnc  1 ith  of  May  to  coincide 
with  the  plane  of  the  broad  paper  circle,  and  the 
faid  plane  will  cut  1 S degrees  for  the  elevation  of 
tL^  pole,  which  is  equal  to  the  fun’s  declination 
foi  that  day,  w hich  being  counted  on  the  firong 
hiaf)  meridian  towards  the  elevated  pole,  is  the 
point  over  which  the  fun  will  be  vertical ; and  all 

places 
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places  that  are  under  this  degree,  will  have  the 
fun  on  their  zenith  on  the  1 1 th  of  May. 

Hence  when  the  fun’s  declination  is  equal  t© 
the  latitude  of  any  place  in  the  torrid  zone,  the 
fun  will  be  vertical  to  thofe  inhabitants  that  day; 
which  furnifhes  us  with  another  metnod  of  folving 
this  problem. 

PROBLEM  xxr. 

To  find  the  fun’s  place  on  the  broad  paper  circle, 

Confder  whether  the  year  in  which  you  feek 
the  fun’s  place  is  biffextile,  or  whether  it  is  the 
firft,  fecond,  or  third  year  after. 

If  it  be  the  fir  ft  year  after  biffextile,  thofe  du 

vifions  to  which  the  numbers  for  the  days  of  the 

month  are  affixed,  are  the  divifions  which  are  to 

be  taken  for  the  refpe&ive  days  of  each  month  of 

that  year  at  noon  ; oppoftte  to  which,  in  the 

circle  of  twelve  figns,  is  the  fun’s  place. 

% 

If  it  be  the  fecond  year  after  biffextile,  the 
hr  ft  quarter  of  a day  backwards,  or  towards  the 
left  hand,  is  the  day  of  the  month  for  that  year, 
againft  which,  as  before,  is  the  fun’s  place. 


If 
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If  it  be  the  third  year  after  biflextile,  then 
three  quarters  of  a day  backwards  is  the  day  of 
the  month  for  that  year,  oppofite  to  which  is  the 
fun’s  place. 

If  the  year  in  which  you  feek  the  fun’s  place  be 
bnwxtile,  then  thiee  quarters  of  a day  backwards 
is  the  day  of  the  month  from  the  j ft  of  January  to 
the  28th  of  February  inclufive.  The  intercalary, 
or  29th  day,  is  three-fourths  of  a day  to  the  left 
hand  from  the  ill  of  March,  and  the  ift  ofMarch 
jtfelf  one  quarter  of  a day  forward,  from  the  di- 
vifion  marked  1 ; and  fo  for  every  day  in  the 
remaining  part  of  the  leap-year;  and  oppofite  to 
thefe  divifions  is  the  fun’s  place. 

In  this  manner  the  intercalary  day  is  very  well 
introduced  every  fourth  year  into  the  calendar, 
and  the  fun’s  place  very  nearly  obtained,  accord- 
jng  to  the  Julian  reckoning. 

Thus, 

A.  D. 

1788  Biflextile 

1789  Firfl  year  after 
*79°  Second 
I7?i  Third 


Sun's  place.  Apr.  25* 

' 8 5*  35 

8 S 21 

- - 8 56 

8 4 55 

Upon 
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Upon  my  father’s  globes  there  are  twenty-three 
parallels,  drawn  at  the  diftance  of  one  degree 
from  each  other  on  both  Tides  the  equator,  w hich, 
with  two  other  parallels  at  23 1 degrees  diftance, 
include  the  ecliptic  circle. 

» 

The  two  outcrmoft  circles  are  called  the 
tropics  ; that  on  the  north  fide  of  the  equator  is 
called  the  tropic  of  Cancer,  that  which  is  on  the 
fouth  fide,  the  tropic  of  Capricorn. 

/ 

Now  as  the  ecliptic  is  inclined  to  the  equator, 
in  an  angle  of  23  f degrees,  and  is  included  be- 
tween the  tropics,  every  parallel  between  thefe 
inuft  crofs  the  ecliptic  in  two  points,  which  two 
points  fhew  the  fun’s  place  when  he  is  vertical  to 
the  inhabitants  of  that  parallel;  and  the  days  of 
the  month  upon  the  broad  paper  circle  anfwering 
to  thofe  points  of  the  ecliptic,  are  the  days  on 
which  the  fun  paftfes  direBly  over  their  heads  at 
noon,  and  which  are  fometimes  called  their  two 
midfu miner  days. 

It  is  ufual  to  call  the  fun’s  diurnal  paths 
parallels  to  the  equator,  which  are  therefore  aptly 
reprefented  by  the  above-mentioned  parallel  cir- 
cles ; though  his  path  is  properly  a fpiral  line, 
which  he  is  continually  defcnbing  all  the  year 

long, 
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long,  appearing  to  move  daily  about  a degree  in 
the  ecliptic. 


PROBLEM  XXII. 

lo  find  the  funs  declination,  and  thence  the 
parallel  of  latitude  correfponding  thereto. 

Find  the  fun’s  place  for  the  given  day  in  the 
broad  paper  circle,  by  the  preceding  problem, 
and  feek  that  place  in  the  ecliptic  line  upon  the 
globe  ; this  will  fliew  the  parallel  of  the  fun’s  de- 
clination among  the  above-mentioned  dotted 
lines,  which  is  alfo  the  correfponding  parallel  of 
latitude ; therefore,  all  thefe  places  through 
lunch  this  parallel  pafTcs,  have  the  fun  in  their 
zenith  at  noon  on  the  given  day. 

'Pinis  on  the  23d  of  May  the  fun’s  declination 
will  be  about  20  deg.  10  min.;  and  upon  the 
23d  of  Auguft  it  will  be  1 1 deg.  13  min.  What 
has  been  faid  in  the  firft  part  of  this  problem, 
will  lead  the  reader  to  the  folution  of  the  follow- 
ing. 


4 


problem 
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PROBLEM  XXIII. 

To  find  the  two  days  on  which  the  fun  is  in  the! 
zenith  of  any  given  place  that  is  fituated  be- 
tween the  two  tropics. 

That  parallel  of  declination  which  paffes 
through  the  given  place,  will  cut  the  ecliptic 
line  upon  the  globe  in  two  points*  which  denote 
the  fun’s  place,  againft  which,  on  the  broad 
paper  circle,  are  the  days  and  months  required. 

PROBLEM  XXIV. 

The  day  and  hour  at  any  place  being  given,  to 
find  where  the  fun  is  vertical  at  that  time. 

Rectify  the  globe  to  the  day  of  the  month, 
fee  page  307*  and  you  have  the  lun  s decimation ; 
bring  the  given  place  to  the  meridian,  and  fet 
the  hour  index  to  XII ; turn  the  glooe,  till 
the  index  points  to  the  given  hour  on  the  equator  ; 
then  will  the  place  be  under  the  degree  ol  the 
declination  previoufly  found. 

Let  the  given  place  be  London,  and  time  the 

nth  day  of  May,  at  4 min.  pad  V in  the  aiter- 

noon;  bring  the  nthoi  May  to  coincide  with 

the 
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ihc  broad  paper  circle,  and  oppofire  to  it  you 

will  find  1 8 degrees  of  north  declination;  as 

London  is  the  given  place,  you  have  only  to  turn 

the  glebe,  till  4 min.  paft  V vvcflward  of  it,  is  on 

the  meridian,  when  you  will  find  Port-Royal,  in 

Jamaica,  under  the  18th  degree  of  the  meridian, 

which  is  the  place  where  the  fun  is  vertical  at  that 
time. 


problem  xxv. 

The  time  of  the  day  at  any  one  place  being  given, 
to  find  all  thofe  places  where  at  the  fame  in- 
ftant  the  fun  is  riling,  fetting,  and  on  the  me- 
ridian, and  where  he  is  vertical ; likewife 
thofe  places  where  it  is  midnight,  twilight,’ 
and  dark  night;  as  well  as  thofe  places  in 
which  the  twilight  is  beginning  and  ending; 
and  a fo  to  find  the  fun’s  altitude  at  any  hour  in 
the  illuminated,  and  his  tfepreflion  in  the  ob- 
UrcJ  hemifphere. 

Redlify  the  globe  to  the  day  of  the  month,  on 
back  fide  of  the  ftrong  brafs  meridian,  and 
K funs  decll'tation  for  that  day;  brine  the 

gt-place  to  the  ftrong  brafs  merfdU  an°d  £ 

*aiy  index  to  XII  upon  the  equator;  turn 

the 
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the  globe  from  weft  toeaft,  until  the  horary  indeN 
points  to  the  given  time.  Then 

All  thofe  places  which  lie  in  the  plane  of  the 
weftern  fide  of  the  broad  paper  circle,  fee  the  fun 
riling,  and  at  the  fame  time  thofe  on  the  eaftern 
fide  of  it  fee  him  fetting. 

It  is  noon  to  all  the  inhabitants  of  thofe  places 
under  the  upper  half  of  the  graduated  fide  of  the 
ftrong  brafs  meridian,  whilft  at  the  lame  time 
thofe  under  the  lower  half  have  midnight. 

All  thofe  places  which  are  between  the  upper 
furface  of  the  broad  paper  circle,  and  the  wire 
circle  under  it,  are  in  the  twilight,  which  begins 
to  all  thofe  places  on  the  weftern  fide  that  are 
immediately  under  the  wire  circle  ; it’s  ends  at 
all  thofe  which  are  in  the  plane  of  the  paper 
circle. 

The  contrary  happens  on  the  eaftern  fide ; 
the  twilight  is  juft  beginning  to  thofe  places  in 
which  the  fun  is  fetting,  and  it’s  end  is  at  the 
place  juft;  under  the  wire  circle. 


And 
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And  thofe  places  which  are  under  the  twilight 
wire  circle  have  dark  night,  unlefs  the  moon  is 
favourable  to  them. 

All  places  in  the  illuminated  hemifphere  have 
the  fun’s  altitude  equal  to  their  difiance  from  the 
edge  of  the  enlightened  difc,  which  is  known  by 
fixing  the  quadrant  of  altitude  to  the  zenith,  and 
laying  it’s  graduated  edge  over  any  particular 
place. 


fine  fun  s depreflion  is  obtained  in  the  fame 

manner,  by  fixing  the  center  of  the  quadrant  at 
the  nadir. 


problem  xxvr. 

To  find  all  thofe  places  within  the  polar  circles* 
on  which  the  fun  begins  to  fhine,  the  time  he 
ihines  conlfantly ; when  he  begins  to  difap- 
pear,  the  length  of  his  abfence,  as  well  as  the 
firfl  and  laft  day  of  his  appearance  to  thofe  in- 
habitants ; the  day  of  the  month,  or  latitude  of 
the  place,  being  given. 

Bring  die  given  day  of  the  month  on  the  back 
fide  of  the  ftrong  brafs  meridian,  to  the  plane  oF 
the  broad  paper  circle  ; the  funis  juft  then  be- 
# Y ginning 


338  DESCRIPTION  AND  USE 

ginning  to  fhine  on  all  thofe  places  which  are  in 
the  parallel  that  juft  touches  the  edge  of  the 
broad  paper  circle,  and  will  for  feveral  days  feem 
to  fkim  all  around,  and  but  a little  above  their 
horizon,  juft  as  it  appears  to  us  at  it's  fetting ; 
but  with  this  obfcrvable  difference,  that  whereas 
our  fetting  fun  appears  in  one  part  of  the  horizon 
only,  by  them  it  is  feen  in  every  part  thereof ; 
from  weft  to  fouth,  thence  eaft  to  north,  and  fo 
to  the  weft  again. 


Or  if  the  latitude  be  given,  elevate  the  globe  to 
that  latitude,  and  on  the  back  of  the  ftrong 
brafs  meridian,  oppofite  to  the  latitude,  you  ob- 
tain the  day  of  the  month,  then  all  the  other  re- 
quifites  are  anfwered  as  above. 

As  the  two  concentric  fpaces  which  contain 
the  days  of  the  month  on  the  back  fide  ot  the 
ftrong  brafs  meridian,  are  graduated  to  fhew  the 
oppofite  days  of  the  year,  at  1 80  degrees  diftance ; 
when  the  given  day  is  brought  to  coincide  with 
the  broad  paper  circle,  it  fhews  when  the  fun 
begins  to  Urine  on  that  parallel,  which  is  the  firft 
day  of  it’s  appearance  above  the  horizon  of  that 
parallel. 


And 
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And  the  plane  of  the  broad  paper  circle  cuts 
the  day  of  the  month  on  the  oppofite  concentric 
fpace,  when  the  fun  begins  to  difappear  to  thofe 
inhabitants. 

. Thc  length  of  the  longed  day  is  obtained  by 
reckoning  the  number  of  days  between  the  two 
oppofite  days  found  as  above,  and  their  difference 
from  365  gives  the  length  of  their  longed  night. 

P R O B L E M XXVII. 

To  make  ufe  of  the  globe  as  a tellurian,  or  that 
kind  of  orrery  which  is  chiefly  intended  to 
illuftrate  the  phenomena  that  arife  from  the 
annual  and  diurnal  motions  of  the  earth. 

Dcfcribc  a circle  with  chalk  upon  the  floor,  as 
large  as  the  room  will  admit  of,  fo  that  the  globe 
may  be  moved  round  upon  it ; divide  this  circle 
into  twelve  parts,  and  mark  them  with  the  cha- 
racters of  the  twelve  figns,  as  they  are  engraved 
upon  the  broad  paper  circle ; placing  23  at  the 
north,  V?  at  the  fouth,  f in  the  eaft,  and  =0=  in 
the  weft  : the  mariner’s  compafs  under  the  globe 
will  diredt  the  fituation  of  thefe  points,  if  the 
variation  of  the  magnetic  needle  be  attended  to. 

V 2 Mote, 
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Note,  At  London  the  variation  is  between  23 
and  24  degrees  from  the  north  we  ft  ward. 

Elevate  the  north  pole  of  the  globe,  fo  that 
66 f degrees  on  the  Ilrong  brafs  meridian  may 
coincide  with  thefurface  of  the  broad  paper  cir- 
cle, and  this  circle  will  then  reprefent  the  plane 
of  the  ecliptic,  ora  plane  coinciding  with  the 
earth’s  orbit. 

Set  a fmall  table,  or  a flool,  over  the  center  of 
the  chalked  circle,  to  reprefent  the  fun,  and  place 
the  terreftriai  globe  upon  it’s  circumference 
over  the  point  marked  V^5,  with  the  north  pole 
facing  the  imaginary  fun,  and  the  north  end  of 
the  needle  pointing  to  the  variation  ; and  the 
globe  will  be  in  the  pofition  of  the  earth  with 
refpeft  to  the  fun  at  the  time  of  the  fummer  fol- 
ftice,  about  the  21ft  of  June;  and  the  earth’s 
axis,  by  this  rectification  of  the  globe,  is  inclined 
to  the  plane  of  the  large  chalked  circle,  as  well 
as  to  the  plane  of  the  broad  paper  circle,  in  an 
angle  of  66 k degrees ; a line,  or  firing,  palling 
from  the  center  of  the  imaginary  fun  to  that  of  the 
globe,  will  reprefent  a central  folar  ray  connect- 
ing the  centers  of  the  earth  and  fun  : this  ray  will 
fall  upon  the  firffc  point  of  Cancer,  and  deferibe 

that  circle,  (hewing  it  to  be  the  fun's  place  upon 

the 
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the  terredrial  ecliptic,  which  is  the  fame  as  if  the 
fun’s  place,  by  extending  the  firing,  was  referred 
to  the  oppofite  fide  of  the  chalked  circle,  here 
reprefenting  the  earth’s  path  in  the  heavens. 

If  we  conceive  a plane  topafs  through  the  cen- 
ter of  the  globe,  and  the  fun’s  center,  it  will  alfo 
pafs  through  the  points  of  Cancer  and  Capricorn, 
in  the  tcrreflrial  and  celeflial  ecliptic  ; the  central 
folar  ray,  in  this  podtion  of  the  earth,  is  alfo  in 
that  plane;  this  can  never  happen  but  at  the 
times  of  the  fold  ice. 

If  another  plane  be  conceived  to  pafs  through 
the  center  ol  the  globe  at  right  angles  to  the  cen- 
tral folar  ray,  it  will  divide  the  globe  into  two 
hemifpheres ; that  next  the  center  of  the  chalked 
circle  will  reprefent  the  earth’s  illuminated  dife, 
the  contrary  fide  of  the  fame  plane  will  at  the  dime 
time  fhew  the  obfeure  hemifphere. 

The  reader  may  realize  this  fecond  plane  by 
cutting  away  a fernicircle  from  a flieet  of  card 
pad  e-board,  with  a radius  of  about  i a tenth  of  an 
inch  greater  than  that  of  the  globe  itfelf.  * 


Oi  ke  ma\  ha\c  a plane  made  of  wood  for  this  purpofe. 
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If  this  plane  be  applied  to  66  \ degrees  upon 
the  (trong  brais  meridian,  it  will  be  in  the  pole  of 
the  ecliptic  ; and  in  every  fituation  of  the  globe 
round  the  circumference  of  the  chalked  circle,  it 
will  afford  a lively  and  lading  idea  of  the  various 
phenomena  arifing  from  the  parallehfm  of  the 
earth’s  axis,  and  in  particular  the  daily  change  of 
the  fun’s  declination,  and  the  parallels  thereby 
deferibed. 

Let  the  globe  be  removed  from  Vj  to  and 
the  needle  pointing  to  the  variation  as  before, 
will  preferve  the  parallelifm  of  the  earth’s  axis  $ 
then  it  will  be  plain,  that  the  firing,  or  central 
folar  ray,  will  fall  upon  the  firll  point  of  Leo, 
frx  figns  diftant  from,  but  oppofite  to  the  fign 
upon  which  the  globe  hands  ; the  central  folar 
ray  will  now  deferibe  the  2Qth  parallel  of  north 
declination,  which  will  be  about  the  23d  of  July. 

If  the  globe  be  moved  in  this  manner  from 
point  to  point  round  the  circumference  of  the 
chalked  circle,  and  care  be  taken  at  every  removal 
that  the  north  end  of  the  magnetic  needle,  when 
fettled,  points  to  the  degree  of  the  variation,  the 
north  pole  of  the  globe  will  be  obferved  to  recede 
from  the  line  connecting  the  centers  of  the  earth 
and  fun,  until  the  globe  is  placed  upon  the  point 

Cancer  $ 
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Cancer after  which,  it  will  at  every  removal 
tend  more  and  more  towards  the  faid  line,  till  in- 
comes to  Capricorn  again. 

problem  xxvm. 

To  rectify  either  globe  to  the  latitude  and  horizon 

of  any  place. 

If  the  place  be  in  north  latitude,  raife  the 
north  pole ; if  in  fouth  latitude,  raife  the  fouth 
pole,  until  the  degree  ot  the  given  latitude, 
reckoned  on  the  flrong  brafs  meridian  under  the 
elevated  pole,  cuts  the  plane  of  the  broad  paper 
circle ; then  this  circle  will  reprcfentthe  horizon 
of  that  place. 

PROBLEM  XXIX. 

To  redtify  for  the  fun’s  place. 

After  the  former  reft  ificat  ion,  bring  the  de- 
grees of  the  fun  s place  in  the  ecliptic  line  upon 
the  globe  to  the  flrong  brafs  meridian,  and  fet 
the  horary  index  to  that  Xllth  hour  upon  the 
equator  which  is  moft  elevated. 
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Or,  if  the  fun’s  place  is  to  be  retained,  to  an-* 
fvver  various  conclufions,  bring  the  graduated 
edge  of  the  moveable  meridian  to  the  decree  of 
the  fun  s place  in  the  ecliptic,  and  Hide  the  wire 
which  erodes  the  center  of  the  artificial  horizon 
thereto;  then  bring  it’s  center,  w’n/ch  is  the  in- 
terfe&ion  of  the  aforefaid  wire,  and  graduated 
edge  of  the  moveable  meridian,  under  the  ftrons 

S3 

brafs  meridian  as  before,  and  fet  the  horary  index 
to  that  XII  on  the  equator  which  is  molt  ele- 
vated. 


PROBLEM  XXX. 

To  rectify  for  the  zenith  of  any  place. 

After  the  firft  rectification,  ferew  the-  nut  of 
the  quadrant  of  altitude  fo  many  degrees  from 
the  equator,  reckoned  on  the  flrong  brafs  me- 
ridian towards  the  elevated  pole,  as  that  pole  is 
raifed  above  the  plane  of  the  broad  paper  circle, 
and  that  point  will  reprefent  the  zenith  ot  the 
place. 

Note,  The  zenith  and  nadir  are  the  poles  of 
the  horizon,  the  former  being  a point  dire&ly 
over  our  heads,  and  the  latter,  one  diredlly  under 
our  feet. 
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If,  when  the  globe  is  in  this  Hate,  we  look  on 
the  oppofite  fide,  the  plane  of  the  horizon  will 
cun  • ftrong  bra fs  meridian  at  the  complement 
of  the  latitude,  which  is  alfo  the  elevation  of  the 
equator  above  the  horizon. 

Qf  the  Solution  of  some  Problems,  in  which 
the  Broad  Paper  Circle  is  considered  as 

THE  RATIONAL  HORIZON. 

problem  XXXI. 

To  fhew  at  one  view  upon  the  terreftrial  globe 
for  an)  given  place,  the  fun’s  meridian  alti- 
tude, his  amplitude,  or  point  of  the  compafs, 
on  w hich  he  rifes  and  fets  every  day  in  the  year. 

Rectify  the  globe  to  the  latitude  of  the  given 
place,  bring  that  place  to  the  ftrong  brafs  me- 
ridian, and  let  the  horary  index  to  XII;  ferew 
the  quadrant  of  altitude  to  the  zenith  of  the 
horizon,  and  bring  it  to  the  brafs  meridian. 

You  will  then  at  one  view  fee  the  fun’s  me- 
ridian altitude  on  every  degree  of  the  fun’s  decli- 
nation for  the  whole  year,  cut  by  the  graduated 
edge  ol  the  quadrant  of  altitude,  on  the  dotted 
parallels. 


Thcfe 
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Thefe  dotted  parallels  at  the  fame  inftant  alfo 
cut  the  edge  of  the  broad  paper  circle,  now  re- 
prefenting  the  horizon,  in  the  point  of  the  com- 
pafs,  or  amplitude,  on  which  the  fun  is  feen  to 
rife  on  the  eaft,  or  to  fet  on  the  weft  llde  of  the 
horizon,  for  every  degree  of  declination  through- 
out the  year. 

If  you  trace  any  of  thofe  parallels  to  the  eclip- 
tic line,  you  have  the  fun’s  place  when  he  is  upon 
that  declination,  and  thence  the  day  and  month 
upon  the  horizon. 

i 

Alfo,  the  knowledge  of  the  fun’s  place  in  the 
ecliptic  line,  (hews  the  fun's  declination  for  that 
time  amongft  the  dotted  parallels. 

PROBLEM  XXXII. 

To  (hew  at  one  view  upon  the  terrehrial  globe  the 

length  of  the  days  and  nights  at  any  particular 

place,  for  all  times  of  the  year. 

\ 

Redtify  the  globe  to  the  latitude  of  the  place, 
and  the  broad  paper  circle  will  reprefent  the  hori- 
zon ; and  the  upper  part  of  the  dotted  parallels 
of  declination,  which  are  here  alfo  parallels  of 
latitude,  will  reprefent  the  diurnal  arches. 

Whence 
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Whence  we  may  obtain  the  number  of  hours 
each  of  them  contains,  which  is  the  foliation  of 
the  problem.  To  il  lull  rate  this. 

Elevate  the  globe  to  the  pofition  of  a right 
fphere,  and  you  will,  with  one  glance  of  the  eye, 
fee  that  all  the  dotted  parallels  of  declination,  as 
well  as  the  equator  itfelf,  are  cut  by  the  horizon 
into  two  equal  parts. 

Therefore  the  inhabitants  on  the  equino&ial 
line  have  their  days  and  nights  twelve  hours  lon<r  * 
that  is,  the  fun  is  never  more,  nor  ever  lefs  than 
twelve  hours  above  their  horizon,  during  his  ap- 
parent paifage  from  the  tropic  of  Cancer  to  the 
tropic  of  Capricorn,  and  thence  to  Cancer  again. 

All  the  fixed  fiars  have  the  fame  apparent  mo- 
tion to  the  equatorial  inhabitants  ; that  is,  they 
rife  and  fet,  continue  above,  and  are  deprefied 
below  the  horizon  of  any  place  t’pon  the  equator, 
exactly  twelve  hours. 


Raife  the  north  pole  of  the  globe  a few  degrees 
of  latitude  at  a time,  and  you  will  fee  the  diurnal 
arches  increafe  in  length,  until  the  pole  is  elevated 
to  66  v degrees  above  the  horizon ; then  the  paral- 
lel of  the  fun’s  greatefi  declination  will  be  as  far 

from 
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from  the  equator  as  the  place  itfelf  is  from  the 
pole;  and  this  parallel  is  the  tropic  of  Cancer, 
which  will  juft  touch  the  horizon  in  the  north, 
point. 

And  on  the  contrary,  we  may  obferve  that  the 
fouthern  parallels  of  declination  continually 
fhorten,  as  the  northern  ones  lengthen,  until 
they  come  to  the  tropic  of  Capricorn. 

Rcflify  the  globe  to  the  latitude  of  London, 
51 1 degrees  north  ; when  the  fun  is  in  the  tropic 
of  Cancer,  the  day  is  about  1 6f  hours ; as  he  re- 
cedes from  thence,  the  days  fhorten,  as  the  length 
of  the  diurnal  arches  of  the  parallels  fhorten,  un- 
til the  fun  comes  to  Capricorn,  and  then  the  days 
are  at  the  Ihorteft,  being  of  the  fame  length  with 
the  nights  when  the  fun  was  in  Cancer,  viz.  about 
7f  hours. 

Recftify  the  globe  to  the  altitude  of  the  northern 
polar  circle,  and  you  will  find,  when  the  fun  is 
in  Cancer,  he  touches  the  horizon  on  that  day 
without  ferting,  being  completely  twenty-four 
hours  above  the  horizon ; and  when  he  is  in  Ca- 
pricorn, he  once  appears  in  the  horizon,  but 
does  not  rife  for  the  fpace  of  twenty-four  hours  ; 
when  he  is  upon  any  other  parallel  of  declination, 

the 
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the  days  are  longer  01  fhorter,  as  that  parallel  is 
nearer  to,  or  farther  from  the  equator. 

Elevate  the  globe  to  the  latitude  of  80  degrees 
north,  at  which  time  let  the  fun’s  declination  be 
jo  degrees  north,  he  then  apparently  feems  to 
turn  round  above  the  horizon  without  fetting.  and 
never  fets  from  this  point  to  Cancer,  until  in  his 
return,  after  he  has  again  palled  this  parallel  of 
declination. 

In  the  fame  manner,  when  his  declination  is 
10  degrees  fouth,  he  is  juft  feen  at  noon  in  the 
horizon,  and  difappears  from  that  time  in  his 
fouthcrly  motion,  till  his  return  to  the  fame  point. 

Elevate  the  north  pole  to  90  degrees,  or  in  the 
zenith,  then  the  globe  will  be  in  thepofttion  of  a 
parallel  fpherc,  and  the  equinoctial  line  will  coin- 
cide with  the  plane  of  the  horizon  ; consequently 
all  the  northern  parallels  are  above,  and  all  the 
fouthern  parallels  below  the  horizon;  therefore, 
the  polar  inhabitants,  if  any  there  be,  have  but 
one  day  and  one  night  throughout  the  year;  their 
day,  when  the  fun  is  in  his  northern,  and  their 
•night,  when  he  is  in  his  fouthern  declination. 
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PROBLEM  XXXIII. 

To  find  the  angle  of  pofition  of  places. 

The  angle  of  pofition  is  that  formed  between 
the  meridian  of  one  of  the  places,  and  a great 
circle  palling  through  the  other  place. 

Reciify  the  globe  to  the  latitude  and  zenith  of 
one  of  the  places,  bring  that  place  to  the  firong 
brafs  meridian,  fet  the  graduated  edge  of  the 
quadrant  to  the  other  place,  and  the  number  of 
degrees  contained  between  it  and  the  firong  brafs 
meridian,  is  the  meafure  of  the  angle  fought. 
Thus, 

The  angle  of  pofition  between  the  meridian  of 
Cape  Clear,  in  Ireland,  and  St.  Augufiine,  in 
Florida,  is  about  82  degrees  north  vv e fieri y ; but 
the  angle  of  pofition  between  St.  Augufiine  and 
Cape  Clear,  is  only  about  46  degrees  north 
eafierly. 

Hence  it  is  plain,  that  the  line  of  pofition,  or 
azimuth,  is  not  the  fame  from  either  place  to  the 
other,  as  the  romb  lines  are. 
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PROBLEM  XXXIV. 

To  find  the  bearing  of  one  place  from  another* 

. The  bearing  of  one  fea-port  from  another  is 
• determined  by  a kind  of  fpiral,  called  a romb- 
line,  paffing  from  one  to  the  other,  fo  as  to 
make  equal  angles  with  all  the  meridians  it  pafleth 
by ; therefore,  if  both  places  arc  fttuated  on  the 
fame  parallel  of  latitude,  their  bearing  is  either 
eaft  or  weft  from  each  other;  if  they  are  upon 
the  fame  meridian,  they  bear  north  and  fouth 
from  one  another ; if  they  lie  upon  a romb-line, 
their  bearing  is  the  fame  with  it ; if  they  do  not, 
obferve  to  which  romb-line  the  two  places  are 
neareft  parallel,  and  that  will  fhew  the  bearing 
fought. 

Example.  Thus  the  bearing  of  the  Lizard 
point  from  the  ifland  of  Bermudas,  is  nearly 
E.  N.  E. ; and  that  of  Bermudas  from  the 
Lizard  is  W.  S.  W.  both  nearly  upon  the 
fame  romb-line,  but  in  contrary  directions. 
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Of  the  Solution  of  Problems,  by  exposing 
the  Globe  to  the  Sun’s  Rays. 

In  the  year  1679,  J.  Moxon  published  a trea- 
tife  on  what  he  called  “ The  English  Globe; 
being  (fays  he)  a ftabil  and  immcbil  one,  per- 
forming what  the  ordinary  globes  do,  and  much 
more ; invented  and  deferibed  by  the  Right  Hon. 
the  Earl  of  Caftlemaine.”  This  globe  was  de- 
figned  to  perform,  by  being  merely  expofed  to 
the  fun’s  rays,  all  thofe  problems  which  in  the 
ufual  way  are  folved  by  the  adventitious  aid  of 
brazen  meridians,  hour  indexes,  See. 

My  father  thought  that  this  method  might  be 
ufeful,  to  ground  more  deeply  in  the  young 
pupil’s  mind,  thofe  principles  which  the  globes 
are  intended  to  explain  ; and  by  giving  him  a dif- 
ferent view  of  the  fubject, . improve  and  ftrengthen 
his  mind  ; he  therefore  inferred  on  his  globes 
fome  lines,  for  the  purpofe  of  folving  a few  pro- 
blems in  Lord  Caflemaine’s  manner. 

It  appears  to  me,  from  a copy  of  Moxon  s 
publication,  which  is  in  my  poifefiion,  that  the 
Earl  of  Caftlemaine  projected  a new  edition  of 
his  works,  as  the  copy  contains  a great  number 
of  corrcdions,  many  alterations,  and  fome  ad- 
ditions. 
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ditions.  It  is  not  very  improbable,  that  at  home 
future  day  I may  re-publifh  this  curious  work, 
and  adapt  a fmall  globe  for  the  folution  of  the 
problems. 

The  meridians  on  our  new  terreftrial  globes 
being  fecondaries  to  the  equator,  are  alfo  hour 
circles,  and  are  marked  as  fuch  with  Roman 
figures,  under  the  equator,  and  at  the  polar  cir- 
cles. But  there  is  a difference  in  the  figures 
placed  to  the  fame  hour  circle  ; if  it  cuts  the  Illd 
hour  upon  the  polar  circles,  it  will  cut  the  IXth 
hour  upon  the  equator,  which  is  fix  hours  later, 
and  fo  of  all  the  reft. 

Through  the  great  Pacific  fea,  and  tlie  inter- 
feclion  of  Libra,  is  drawn  2 broad  meridian  from 
pole  to  pole  ; it  pafTes  through  the  Xllth  hour 
upon  the  equator,  and  the  Vlth  hour  upon  each 
of  the  polar  circles;  this  hour  circle  is  graduated 
into  degrees  and  parts,  and  numbered  from  the 

equator  towards  either  pole. 

\ 

There  is  another  broad  meridian  palling 
thiough  tae  Pacific  fea,  at  the  IXth  hour  upon 
the  equator,  and  the  Hid  hour  upon  each  polar 
circle  ; this  contains  only  one  quadrant,  or  90 
degrees ; the  numbers  annexed  to  it  begin  at  the 

^ northern 
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northern  polar  circle,  and  end  at  the  tropic  of 
Capricorn. 

Here  we  mu  ft  likewife  obferve,  there  are  23 
concentric  circles  drawn  upon  the  terreftrial 
globe  within  the  northern  and  fouthern  polar  cir- 
cles, which  for  the  future  we  ihall  call  polar 
parallels ; they  are  placed  at  the  diftance  of  one 
degree  from  each  other,  and  reprefent  the  paral- 
lels of  the  fun’s  declination,  but  in  a different 
manner  from  the  47  parallels  between  the  tropics. 

The  following  problems  require  the  globe  to  be 
placed  upon  a plane  that  is  level,  or  truly  hori- 
zontal, which  is  eafily  attained,  if  the  floor,  pave- 
ment, gravel-walk  in  the  garden,  &c.  fhould 
not  happen  to  be  horizontal. 

A flat  feafoned  board,  or  any  box  which  is 
about  two  feet  broad,  or  two  feet  fquare,  if  the 
top  be  perfectly  flat,  will  anfwer  the  purpofe; 
the  upper  furface  of  either  may  be  fet  truly  hori- 
zontal, by  the  help  of  a pocket  fpirit  level,  or 
plumb  rule,  if  you  raife  or  deprefs  this  or  that 
Tide  by  a wedge  or  two,  as  the  fpirit  level  Ihall 
direct ; if  you  have  a meridian  line  drawn  on  the 
place  over  which  you  fubftitute  this  horizontal 

plane,  it  may  be  readily  transferred  from  thence 

to 
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to  the  furface  juft  levelled;  this  being  done,  we 
are  prepared  lor  the  folution  of  the  following 
problems. 

It  will  be  necelfary  to  define  a term  wc  are 
obliged  to  make  ufe  of  in  the  folution  of  thefe 
problems,  namely,  the  shade  of  extuberancy  : 
by  this  is  meant  that  fhade  which  is  caufed 
by  the  fphericity  of  the  globe,  and  anfwers 
to  what  wTe  have  heretofore  named  the  terminator, 
defining  the  boundaries  of  the  illuminated  and 
obfeure  parts  of  the  globe ; this  circle  was,  in  the 
folution  of  fome  of  the  foregoing  problems,  re- 
prefented  by  the  broad  paper  circle,  but  here 
realized  by  the  rays  of  the  fun. 

PROBLEM  XXXV. 

To  obferve  the  fun’s  altitude  (by  the  terreftrial 
globe)  when  he  fhines  bright,  or  when  he  can 
but  juft  be  difeerned  through  a cloud. 

Elevate  the  north  pole  of  the  globe  to  66  \ de- 
grees ; bring  that  meridian,  or  hour  circle,  which 
paffes  through  the  IXth  hour  upon  the  equator, 
under  the  graduated  fide  of  the  ftrong  brafs  me- 
ridian ; the  globe  being  now  fet  upon  the  hori- 
zontal plane,  turn  it  about  thereon,  frame  and 

Z 2 ' all. 
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all,  that  the  fhadow  of  the  ftrong  brafs  meridian 
may  fall  dire&ly  under  itfelf;  or  in  other  words, 
that  the  (hade  of  it's  graduated  face  may  fall  ex- 
actly upon  the  aforefaid  hour  circle ; at  that  in- 
flant  the  fhade  of  extuberancy  will  touch  the  true 
degree  of  the  fun’s  altitude  upon  that  meridian, 
which  paffes  through  the  IXth  hour  upon  the 
equator,  reckoned  from  the  polar  circle,  the  molt 
elevated  part  of  which  will  then  be  in  the  zenith 
of  the  place  where  this  operation  is  performed, 
and  is  the  fame  whether  it  fhould  happen  to  be 
either  in  north  or  fouth  latitude. 

Thus  we  may,  in  an  eafy  and  natural  manner, 
obtain  the  altitude  of  the  fun,  at  any  time  of  the 
day,  by  the  terreftrial  globe;  for  it  is  very  plain, 
when  the  fun  rifes,  he  brufnes  the  zenith  and 
nadir  of  the  globe  by  his  rays  ; and  as  he  always 
illuminates  half  of  it,  (or  a few  minutes  more,  as 
his  globe  is  confiderably  larger  than  that  of  the 
earth)  therefore  when  the  fun  is  rifen  a degree 
higher,  he  mult  necelfarily  illuminate  a degree 
beyond  the  zenith,  and  fo  onproportionablv  from 
time  to  time. 

But  as  the  illuminated  part  is  fomevvhat  more 
than  half,  dedud  13  minutes  from  the  lhade  of 
2 extu-  * 
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exuberancy,  and  you  have  the  fun’s  altitude  with 
tolerable  exacftnefs. 

If  you  have  any  doubt  how  far  the  fhade  of  ex- 
tuberancy  reaches,  hold  a pin,  or  your  finger,  on 
the  globe,  between  the  fun  and  point  in  difpute, 
and  where  the  fhade  of  either  is  loft,  will  be  the 
point  fought. 

When  the  fun  docs  not  fhine  bright  enough  to 

call  a fhadow. 

Turn  the  meridian  of  the  globe  towards  the 
fun,  as  before,  or  direct  it  fo  that  it  may  lie  in 
the  fame  plane  with  it,  w hich  may  be  done  if 
you  have  but  the  lead  glimpfe  of  the  fun  through 
a cloud  ; hold  a firing  in  both  hands,  it  having 
firft  been  put  between  the  ftrong  brafs  meridian 
and  the  globe ; firetch  it  at  right  angles  to  the 
meridian,  and  apply  your  face  near  to  the  globe, 
moving  your  eye  lower  and  lower,  till  you  can 
but  juft  fee  the  fun  ; then  bring  the  firing  held  as 
before  to  this  point  upon  the  globe,  that  it  may 
juft  obfeure  the  fun  from  your  fight,  and  the  de- 
gree on  the  aforefaid  hour  circle,  which  the  firing 
then  lies  upon,  will  be  the  fun’s  altitude  required, 
for  his  rays  would  lhew  the  fame  point  if  he  fhone 
put  bright. 

Z 3 
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Note,  The  moon’s  altitude  may  be  obferved 
by  either  of  thefe  methods,  and  the  altitude  of 
any  ftar  by  the  laft  of  them. 

I 

PROBLEM  XXXVI. 

To  place  the  terreflrial  globe  in  the  fun’s  rays, 
that  it  may  reprefent  the  natural  pofition  of 
the  earth,  either  by  a meridian  line,  or  with- 
out it. 

Xi  you  have  a meridian  line,  fet  the  north  and 
fouth  points  of  the  broad  paper  circle  diredlly 
over  it,  the  north  pole  of  the  globe  being  elevated 
to  the  latitude  of  the  place,  and  Handing  upon  a 
level  plane,  bring  the  place  you  are  in  under  the 
graduated  fide  of  the  flrong  brafs  meridian,  then 
the  poles  and  parallel  circles  upon  the  globe  will, 
without  fenfible  error,  correfpond  with  thofe  in 
the  heavens,  and  each  point,  kingdom,  and  Hate, 
will  be  turned  towards  the  real  one  which  it 
reprefents. 

If  you  have  no  meridian  line,  then  the  day  of 
the  month  being  known,  find  the  fun's  declina- 
tion as  before  inftrudted,  which  will  diredt  you  to 
the  parallel  of  the  day,  amongft  the  polar  paral- 
lels. 
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Ids,  reckoned  from  either  pole  towards  the  polar 
circle  ; which  you  arc  to  remember. 

Set  the  globe  upon  your  horizontal  plane  in  the 
fun-fhine,  and  put  it  nearly  north  and  fouth  by 
the  mariner’s  compafs,  it  being  fir  ft  elevated  to 
the  latitude  of  the  place,  and  the  place  itfclf 
brought  under  the  graduated  fide  of  the  flrong 
brafs  meridian;  then  move  the  frame  and  globe 
together,  till  the  (hade  of  extubcrancy,  or  term 
of  illumination,  juft  touches  the  polar  parallel 
for  the  day,  and  the  globe  will  be  fettled  as  be- 
fore; and  if  accurately  performed,  the  variation 
of  the  magnetic  needle  will  be  fhewn  by  the  de- 
gree to  which  it  points  in  the  compafs  box. 

And  here  obferve,  if  the  parallel  for  the  day 
fhould  not  happen  to  fall  on  any  one  of  thole 
drawn  upon  the  globe,  you  are  to  eftimate  a pro- 
portionable part  between  them,  and  reckon  that 
the  parallel  of  the  day.  If  we  had  drawn  more, 
the  globe  would  have  been  confufed. 

The  reafon  of  this  operation  is,  that  as  the  fun 
illuminates  half  the  globe,  the  fhade  of  extu- 
berancy  will  conllantly  be  90  degrees  from  the 
point  wherein  the  fun  is  vertical. 

Z 4 
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If  the  fun  be  in  the  equator,  the  (hade  and  illu- 
mination mufl  terminate  in  the  poles  of  the  world 
and  when  he  is  in  any  other  diurnal  parallel, 
the  terms  of  illumination  mud  fall  diort  of,  or  go 
beyond  either  pole,  as  many  degrees  as  the  parallel 
which  the  fun  defcribes  that  day  is  diftant  from 


the  equator;  therefore,  when  the  fhade  of  exu- 
berancy touches  the  polar  parallel  for  the  day, 
the  artificial  globe  will  be  in  the  fame  pofition, 
with  refpedl  to  the  fun,  as  the  earth  really  is, 
and  will  be  illuminated  in  the  lame  manner. 


PROBLEM  XXXVII. 

To  find  naturally  the  fun’s  declination,  diurna} 
parallel,  and  his  place  thereon. 

The  globe  being  fet  upon  an  horizontal  plane, 
and  adjuded  by  a meridian  line  or  otherwife,  ob- 
ferve  upon  which,  or  between  which  polar  paral- 
lel the  term  of  illumination  falls ; it’s  didance 
from  the  pole  is  the  degree  of  the  fun's  declina- 
tion; reckon  this  didance  from  the  equator 
among  the  larger  parallels,  and  you  have  the 
parallel  which  the  fun  defcribes  that  day ; upon 
which  if  you  move  a card,  cut  in  the  form  of  a 
double  fquare,  until  it’s  diadow  falls  under  ltfelf, 
you  will  obtain  the  very  place  upon  that  parallel 


over 
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over  which  the  fun  is  vertical  at  any  hour  of  that 
day,  if  you  fet  the  place  you  are  in  under  the  gra- 
duated fide  of  the  llrong  brafs  meridian. 

Note,  The  moon’s  declination,  diurnal  parallel 
and  place,  may  be  found  in  the  fame  manner. 
Like  wife,  when  the  fun  docs  not  fhine  bright, 
his  declination,  See.  may  be  found  by  an  applica~ 
lion  in  the  manner  of  problem  35. 

PROBLEM  XXXVIII. 

lo  find  the  fun’s  azimuth  naturally. 

If  a great  circle,  at  right  angles  to  the  horizon, 
plies  through  the  zenith  and  nadir,  and  alfo 
through  the  fun’s  center,  it’s  diflance  from  the 
meridian  in  the  morning  or  evening  of  any  day, 
reckoned  upon  the  degrees  on  the  inner  edge  of 

the  broad  paper  circle,  will  give  the  azimuth  re- 
quired. 


method  i. 

Elevate  either  pole  to  the  pofition  of  a parallel 
Sphere,  by  bringing  the  north  pole  in  north  lati- 
tude, and  thefouth  pole  in  fouth  latitude,  into  the 
zenith  ef  the  broad  paper  circle,  having  firft 

placed 
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placed  the  globe  upon  your  meridian  line,  or  by 
the  other  method  before  prefcribed ; hold  up  a. 
plumb  line,  fo  that  it  may  pafs  freely  near  the 
outward  edge  of  the  broad  paper  circle,  and 
move  it  fo  that  the  fhadow  of  the  firing  may  fall 
upon  the  elevated  pole ; then  call  your  eye  im- 
mediately to  it’s  fhadow  on  the  broad  paper  cir- 
cle, and  the  degree  it  there  falls  upon  is  the  iun’s 
azimuth  at  that  time,  which  may  be  reckoned 
from  either  the  fouth  or  north  points  of  the 
horizon, 

M E T H o D II. 

If  you  have  only  a glimpfe,  or  faint  fight  of 
the  fun,  the  globe  being  adjufled  as  before,  Hand 
on  the  lhady  fide,  and  hold  the  plumb  line  on 
that  fide  alfo,  and  move  it  till  it  cuts  the  fun’s 
center,  and  the  elevated  pole  at  the  fame  time  ; 
then  caft  your  eye  towards  the  broad  paper  cir- 
cle, and  the  degree  it  there  cuts  is  the  fun’s, 
azimuth,  which  muff  be  reckoned  from  the  op-^ 
pofite  cardinal  point. 


PROBLEM 
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lb  flievv  that  in  fome  places  of  the  earth’s  fur-* 
face,  the  fun  will  be  twice  on  the  fame 
azimuth  in  the  morning,  twice  on  the  fame 
azimuth  in  tne  afeernoon  : or,  in  other  words* 

When  the  declination  of  the  fun  exceeds  the 
latitude  of  any  place,  on  either  fide  of  the  equator* 
the  fun  will  be  on  the  fame  azimuth  twice  in  the 
morning,  and  twice  in  the  afternoon. 


1 hus,  fuppofe  the  globe  rectified  to  the  latitude 
of  Antigua,  which  is  in  about  17  dem  of  north 

“■«*.  - ft.  ft.  » bo  Z bogi„„,„E"  f 

Cancer,  or  to  have  the  greateft  north  declination  ; 
fa  the  quadrant  of  altitude  to  the  21ft  degree 
nordi  of  the  call  in  the  horizon,  and  turn  the 
g»obc  upon  it  s axis,  the  fun's  center  will  be  on 
that  azimuth  at  6 h.  30  min.  and  alfo  at  10  h- 
3°  mm.  in  the  morning.  At  8 h.  30  min.  the 
an  will  be  as  it  were  flationary,  with  refpect  to 
it  s azimuth,  for  fome  time ; as  will  appear  by 
Paung  the  quadrant  of  altitude  to  the  i-th  de- 
gree north  of  the  eaft  in  the  horizon,  'if  the 

well  *T  b/  <Ct  [°  the  iame  dcSrees  north  of  the 

P * . UnlS  center  Wl11  oofs  it  twice  as  it  ap- 
P‘  aches  the  horizon  in  the  afternoon. 


This 
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This  appearance  will  happen  more  or  lefs  to  all 
places  fituated  in  the  torrid  zone,  whenever  the 
fun's  declination  exceeds  their  latitude  ; and  from 
hence  we  may  infer,  that  the  fhadow  of  a dial, 
whofe  gnomon  is  erected  perpendicular  to  an  ho- 
rizontal plane,  mull  necefiarily  go  back  feveral 
degrees  on  the  fame  day. 

But  as  this  can  only  happen  within  the  torrid 
zone,  and  as  Jerufalem  lies  about  8 degrees  to 
the  north  of  the  tropic  of  Cancer,  the  retroceffion 
of  the  fhadow  on  the  dial  of  Ahaz,  at  Jerufalem, 
was,  in  the  ftri&eft  fignification  of  the  word, 
miraculous. 


PROBLEM  XL. 

To  obferve  the  hour  of  the  day  in  the  moft  natural 
manner,  when  the  terreftrial  globe  is  properly 
placed  in  the  fun-fhine. 

a 

There  are  many  ways  to  perform  this  operation 
with  refpeft  to  the  hour,  three  of  which  are  here 
inferted,  being  general  to  all  the  inhabitants  of 
the  earth;  a fourth  is  added,  peculiar  to  thofe  of 
London,  which  will  anfvvcr,  without  fentible 
error,  at  any  place  not  exceeding  the  diftance  of 
60  miles  from  this  capital, 


1 ft,  By 
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i ft.  By  a natural  Bile. 

Having  re&ified  the  globe  as  before  directed, 
and  placed  it  upon  an  horizontal  plane  over  your 
meridian  line,  or  by  the  other  method,  hold  a 
long  pin  upon  the  illuminated  pole,  in  the  direc- 
tion of  the  polar  axis,  and  it’s  fhadow  will  fhew 
the  hour  of  the  day  amongft  the  polar  parallels. 

The  axis  of  the  globe  being  the  common  fecBion 
of  the  hour  circles,  is  in  the  plane  of  each;  and 
as  we  fuppofe  the  globe  to  be  properly  adjuBcd, 
they  will  correfpond  with  thofe  in  the  heavens  ; 
thcrcfoie,  the  fhadc  of  a pin,  which  is  the  axis 
continued,  mull  fall  upon  the  true  hour  circle, 

2ndly,  By  an  artificial  Bile. 


Tye  a fmall  Bring,  with  a noofe,  round  the 
elevated  pole,  Bretch  it’s  other  end  beyond  the 
globe,  and  move  it  fo  that  the  fhadow  of  the 
ftnng  may  fall  upon  the  deprefled  axis  ; at  that 
in  Bant  it’s  fhadow  upon  the  equator  will  give  the 
folar  hour  to  a minute. 

But  remember,  that  either  the  autumnal  or 
ve  nal  equinoctial  coture  mult  firft  be  placed  un- 
the  graduated  fide  of  the  ftrong  brafs  me- 

ridian. 
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ridian,  before  you  obferve  the  hour,  each  of  thefe 
being  marked  upon  the  equator  with  the  hour 

XII. 


The  firing  in  this  lafl  cafe  being  moved  into 
the  plane  of  the  fun,  correfponds  with  the  true 
hour  circle,  and  confequently  gives  the  true  hour. 

gdly,  Without  any  ftile  at  all. 

Every  thing  being  rectified  as  before,  look 
where  the  fhade  of  exuberancy  cuts  the  equator, 
the  colure  being  under  the  graduated  fide  of  the 
flrong  brafs  meridian,  and  you  obtain  the  hour  in 
two  places  upon  the  equator,  one  of  them  going 
before,  and  the  other  following  the  fun. 

Note,  If  this  fhade  be  dubious,  apply  a pin, 
or  your  finger,  as  before  directed. 

The  reafon  is,  that  the  fhade  of  extuberancy 
being  a great  circle,  cuts  the  equator  in  half,  and 
the  fun,  in  whatfoever  parallel  of  declination  he 
may  happen  to  be,  is  always  in  the  pole  of 
the  fhade  ; confequently  the  confines  of  light  and 
Khade  will  fhew  the  true  hour  of  the  day. 


4thiy, 
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4thly,  Peculiar  to  the  inhabitants  of  London, 
and  any  place  within  the  diflance  of  fixty 
miles  from  it. 

The  globe  being  every  way  adjufted  as  before, 
and  London  brought  under  the  graduated  fide  of 
the  Prong  brafs  meridian,  hold  up  a plumb  line, 
fo  that  it  s fliadow  may  fall  upon  the  zenith 
point,  (which  in  this  cafe  is  London  itfelf)  and 
the  fliadow  of  the  firing  will  cut  the  parallel  of 
the  day  upon  that  point  to  wbfcfi  the  fun  is  then 
vertical,  and  that  hour  circle  upon  which  this  in- 
terfedlion  falls,  is  the  hour  of  the  day  j and  as  the 
meridians  are  drawn  within  the  tropics,  at  20 
minutes  diftance  from  each  other,  the  point  cut 
by  the  interfe&ion  of  the  firing  upon  the  parallel 
of  the  day,  being  fo  near  the  equator,  may,  by  a 
glance  of  the  obferver’s  eye,  be  referred  thereto, 
and  the  true  time  obtained  to  a minute. 

The  plumb  line  thus  moved,  is  the  azimuth  * 
"hich,  by  cutting  the  parallel  of  the  day,  gives 
the  fun's  place,  and  confequently  the  hour  circle 
which  interfecfls  it. 

Frora  this  ,a(l  operation  refutes  a corollary 

tatg'ves  a fecond  way  of  ratifying  the  globe  to 
the  fun’s  rays. 

If 
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If  the  azimuth  and  fhadc  of  the  illuminated 
axis  agree  in  the  hour  when  the  globe  is  recti  lied, 
then  making  them  thus  to  agree*  muft  reftify  the 

globe. 

i 

- COROLLARY. 

Another  method  to  rectify  the  globe  to  the 

fun’s  rays. 

Move  the  glofee,  till  the  fhadow  of  the  plumb 
line,  which  pafles  through  the  zenith,  cuts  the 
fame  hour  on  the  parallel  of  the  day,  that  the 
fhade  of  the  pin,  held  in  the  direction  of  the  axis, 
falls  upon,  amongft  the  polar  parallels,  and  the 
globe  is  rectified. 

The  reafon  is,  that  the  fhadow  of  the  axis  rc- 
prefents  an  hour  circle ; and  by  it’s  agreement  in 
the  fame  hour,  which  the  fhadow  of  the  azimuth 
firing  points  out,  by  it’s  interledlion  on  the  paral- 
lel of  the  day,  it  fhews  the  fun  to  be  in  the  plane 
of  the  faid  parallel ; which  can  never  happen  in 
the  morning  on  the  eaflern  fide  of  the  globe,  nor 
in  the  evening  on  the  weftern  fide  of  it,  but  wheil 
the  globe  is  rectified. 
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This  re&ifkation  of  the  globe  is  only  placing  it 
in  Tuch  a manner,  that  the  principal  great  circles, 
and  points,  may  concur  and  fall  in  with  thofe  of 
the  heavens. 

The  many  advantages  arifing  from  thefe  pro- 
blems, relating  to  the  placing  of  the  globe  in  the 
fun’s  rays,  the  tutor  will  eafily  difcern,  and 
readily  extend  to  his  own,  as  well  as  to  the  benefit 
of  his  pupil. 
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THE  GENERAL  PRINCIPLES  OF 


DIALLING 


TERRESTRIAL  GLOBE. 


HE  art  of  dialling  is  of  very  ancient 


origin,  and  was  in  former  times  cultivated 
by  all  who  had  any  pretenfions  to  fcience ; and 
before  the  invention  of  clocks  and  watches,  it  was 
of  the  higheft  importance,  and  is  even  now  ufed 
to  corredt  and  regulate  them. 

It  teaches  us,  by  means  of  the  fun’s  rays, 
to  divide  time  into  equal  parts,  and  to  reprefent 
on  any  given  furface  the  different  circles  into 
which,  for  convenience,  we  fuppofe  the  heavens 
to  be  divided,  but  principally  the  hour  circles. 


ILLUSTRATED  BY  THE 


The 
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The  hours  arc  marked  upon  a plane,  and 
pointed  out  by  the  interpofition  of  a body,  which 
receiving  the  light  of  the  fun,  calls  a fhadovv 
upon  the  plane.  I his  body  is  called  the  axis, 
when  it  is  parallel  to  the  axis  of  the  world.  It  is 
called  the  ftyle,  when  it  is  fo  placed  that  only  the 
end  of  it  coincides  with  the  axis  of  the  earth  ; in 

this  cafe,  it  is  only  this  point  which  marks  the 
hours. 

Among  the  various  pleating  and  profitable 
amufements  which  arife  from  the  ufe  of  globes, 
that  of  dialling  is  not  the  leaft.  By  it  the  pupil 
will  gain  fatisfactory  ideas  of  the  principles  on 
which  this  branch  of  fcience  is  founded  ; and  it 
will  reward,  with  abundance  of  plcafure,  thofe 

that  chufe  to  exercifc  themfelves  in  the  practice 
of  it. 


If  we  imagine  the  hour  circles  of  any  place,  as 

London,  to  be  drawn  upon  the  globe  of  the  earth, 

and  fuppofe  this  globe  to  be  tranfparent,  and  to* 

revolve  round  a real  axis,  which  is  opake,  and 

eafts  a fliadow ; it  is  evident,  that  whenever  the 

Plane  of  any  hour  femicircle  points  at  the  fun, 

the  fliadow  of  the  axis  will  fall  upon  the  oppofite 
semicircle.* 

A a 2 

! bong’s  Aftronomy,  vol.  i,  page  82, 
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Let  aPCp,  fig.  I,  p'«e  XII.  reprefent  a 
tranfparent  globe , a b c cl  e f g the  hour  fc.ni- 
circles  , it  is  clear,  that  if  the  femicircle  P a p 
points  at  the  fun,  the  ttiadow  of  the  axis  will  fall 
upon  the  oppofite  femicircle. 

If  we  imagine  any  plane  to  pafs  through  the 
center  of  this  tranfparent  globe,  the  lhadow  of 
Jialfthe  axis  will  always  fall  upon  one  fide  or  the 
other  of  this  interfeaing  plane. 

Thus  let  A B C D be  the  plane  of  the  horizon 
of  London  ; fo  long  as  the  fun  is  above  the  hori- 
zon the  lhadow  of  the  upper  half  of  the  axis  w d 
fall  fomewhere  upon  the  upper  fide  of  the  plane 
A B C D 1 when  the  fun  is  below  the  horizon  of 
London,  then  the  lhadow  of  the  lower  half  of  the 
axis  E falls  upon  the  lower  fide  of  the  plane. 


When  the  plane  of  any  hour  femicircle  points 

r the  fun  the*  lhadow  of  the  axis  . marks  the 
refpeftive  hour  line  upon  the  interfeaing  p ane. 

The  hour  line  is  therefore  a line  drawn  from  h‘ 

center  of  the  interfeaing  plane,  to  that  p 
where  this  plane  is  cut  by  the  femicircle  off 
:o  the  hour  femicircle. 


Thus 
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Thus  let  A B C D,  fig.  i,  plate  XII.  the 
horizon  of  London,  be  the  interfering  plane; 
when  the  meridian  of  London  points  at  the  fun, 
as  in  the  prefent  figure,  the  fliadow  of  the  half 
axis  P E falls  upon  the  line  E B,  which  is  drawn 
from  E,  the  center  of  the  horizon,  to  rhe  point 
where  the  horizon  is  cut  by  the  oppofite  femi- 
circle ; therefore,  E B is  the  line  for  the  hour  of 
twelve  at  noon. 

By  the  fame  method  the  reft  of  the  hour  linl| 
are  found,  by  drawing  for  every  hour  a line  from 
the  center  of  the  interfering  plane,  to  that  ferni- 
circle  which  is  oppofite  to  the  hour  femicircle. 

Thus  fig.  2,  plate  XII.  fhews  the  hour  lines 
drawn  upon  the  plane  of  the  horizon  of  London, 
w-ith  only  fo  many  hours  as  are  neceftary  ; that 
is,  thofe  hours,  during  which  the  fun  is  above 
the  horizon  of  London,  on  the  longeft  day  in 
fummer. 

If  when  the  hour  lines  are  thus  found,  the  femi- 
circles  be  taken  away,  as  the  fcaffolding  is  when 
the  houfe  is  built,  what  remains,  as  in  fig.  2, 
will  be  an  horizontal  dial  for  London. 
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If,  inftead  of  twelve  hour  circles  as  above 
defcribed,  we  take  twice  that  number,  we  may 
by  the  points,  where  the  interfering  plane  is  cut 
by  them,  find  the  lines  for  every  half  hour  ; if  we 
take  four  times  the  number  of  hour  circles,  we 
may  find  the  lines  for  every  quarter  of  an  hour, 
and  foon  progreffively. 

We  have  hitherto  confidered  the  horizon  of 
London  as  the  interfering  plane,  by  which  is 
(ten  the  method  of  making  an  horizontal  dial. 
If  we  take  any  other  plane  for  the  interfering 
plane,  and  find  the  points  where  the  hour  femi- 
circles  pafs  through  it,  and  draw'  lines  from  the 
center  of  the  plane  to  thofe  points,  we  fhall  have 
the  hour  lines  for  that  plane. 

Fig.  3,  plate  XII.  fhews  how  the  hour  lines 
are  found  upon  a fouth  plane,  perpendicular  to 
the  horizon.  Fig.  4 fhews  a fouth  dial,  with  it’s 
hour  lines,  without  the  femicircle,  by  means 
whereof  they  are  found. 

The  gnomon  of  every  fun-dial  reprefents  the 
axis  of  the  earth,  and  is  therefore  always  placed 
parallel  to  it,  whether  it  be  a wire,  as  in  the 
figure  before  us,  or  the  edge  of  a brais  plate,  as 
ii)  a common  horizontal  dial. 

Th? 
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The  whole  earth,  as  to  it’s  bulk,  is  but  a 
point,  if  compared  to  it’s  diftance  from  the  fun; 
therefore,  if  a fmall  fphere  of  glafs  be  placed  on 
any  part  of  the  earth’s  furface,  fo  that  it’s  axis  be 
parallel  to  the  axis  of  the  earth,  and  the  fphere 
have  fuch  lines  upon  it,  and  fuch  planes  within  it, 
as  above  deferibed,  it  will  fhew  the  hour  of  the 
day  as  truly  as  if  it  were  placed  at  the  center  of 
the  earth,  and  that  the  fhell  of  the  earth  were  as 
tranfparent  as  glafs. 

A wire  fphere,  with  a thin  flat  plate  of  brafs 
within  it,  is  often  made  ufe  of  to  explain  the 
principles  of  dialling. 

From  what  has  been  faid,  it  is  clear  that 
dialling  depends  on  finding  where  the  fhadow  of 
a firait  wire,  parallel  to  the  axis  of  the  earth, 
will  fall  upon  a given  plane,  every  hour,  half  hour, 
&c.  the  hour  lines  being  found  as  above 
deferibed,  which  we  fhall  proceed  to  exemplify 
by  the  globe. 

Every  dial  plane  (that  is,  the  plane  furface  on 
which  a dial  is  drawn)  reprefents  the  plane  of  a 
great  circle,  which  circle  is  an  horizon  to  fome 
country  or  other. 
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The  center  of  the  dial  reprefents  the  center  of 
the  earth  ; and  the  gnomon  which  cads  the  fhade 
reprefents  the  axis,  and  ought  to  point  directly  to 
the  poles  of  the  equator. 

The  planes  upon  which  dials  are  delineated 
may  be  either,  i.  parallel  to  the  horizon; 
2.  perpendicular  to  the  horizon  ; or,  3.  cutting 
it  at  oblique  angles. 

PROBLEM  XLI. 

To  conftrud  an  horizontal  dial  lor  any  given 
latitude,  by  means  of  the  terreftrial  globe. 

1 

Elevate  the  globe  to  the  latitude  oi  the  place  ; 
then  bring  the  fird  meridian  under  the  graduated 
edge  of  the  ftrong  brazen  one,  which  will  then 
be  over  the  hour  XII,  or  the  equator.  As  our 
globes  have  meridians  drawn  through  every  15 
degrees  of  the  equator,  thefe  meridians  will  repre- 
fent  the  true  circles  of  the  fphere,  and  will 
jnter fed  the  horizon  of  the  globe,  in  certain 
points  on  each  fide  of  the  meridian.  The  didance 
pf  thefe  points  from  the  meridian,  mud  be  care- 
fully  noted  down  upon  a piece  of  paper,  as  will 
be  feen  in  the  example.  The  pupil  need  not, 

however,  take  out  into  his  table  the  didances 

further 
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further  than  from  XII  to  VI,  which  is  juft  90  de- 
grees ; for  the  dillances  of  XI,  X,  IX,  VIII, 
VII,  VI,  in  the  forenoon,  are  the  fame  from  XII 
as  the  dillances  of  I,  II,  III,  IV,  V,  VI,  in  the 
afternoon;  and  thefe  hour  lines  continued  through 
the  center  will  give  the  oppofite  hour  lines  on 
the  other  half  of  the  dial. 

No  more  hour  lines  need  be  drawn  than  what 
anfwer  to  the  fun’s  continuance  above  the  hori- 
zon, on  the  longed  day  of  the  year,  in  the  given 
latitude. 

Example.  Suppofe  the  given  place  to  be 
London,  whofe  latitude  is  (jr  deg.  30  min. 
north. 


Elevate  the  north  pole  of  the  globe  to  <;if 
degrees  above  the  horizon  ; then  will  the  axis  of 
the  globe  have  the  fame  elevation  above  the 
broad  paper  circle,  as  the  gnomon  of  the  dial  is 
to  have  above  the  plane  thereof. 

Turn  the  globe,  till  the  fird  meridian  (which 
on  Englifh  globes  pafies  through  London)  is 
under  the  graduated  Tide  of  the  drong  brazen 
meridian  ; then  obferveand  note  the  points  where 
the  hour  circles  interfca  the  horizon  ; and  as  on 
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our  globes  the  inner  graduated  circle,  on  the 
broad  paper  circle,  begins  from  the  two  fixes,  or 
call  and  weft,  we  fhall  begin  from  thence,  calling 


the  hour  - - VI 

o° 

0 

we  fhall  find  the  other  hours  interfedling  the 

horizon  at  the  following  degrees : V 

189 

54 

IV 

36 

24 

III 

51 

57 

II 

65 

41 

I 

78 

9 

which  are  the  refpective  diftances  of  the  above 
hours  from  VI  upon  the  plane  of  the  horizon. 


To  transfer  thefe,  and  the  reft  of  the  hours, 
upon  an  horizontal  plane,  draw  the  parallel  right 
lines  ac  and  b d,  fig.  5,  plate  XII.  upon  that 
plane,  as  far  from  each  other  as  is  equal  to  the 
intended  thicknefs  of  the  gnomon  of  the  dial,  and 
the  fpace  included  between  them  will  be  the 
meridian,  or  twelve  o’clock  line  upon  the  dial ; 
crofs  this  meridian  at  right  angles  by  the  line 
g h,  which  will  be  the  fix  o’clock  line  ; then  fet- 
tingorte  foot  of  your  compaftes  in  the  interfeflion 

a,  defcribe  the  quadrant  g c with  any  convenient 
radius,  or  opening  of  the  compaftes ; after  this, 
fet  one  foot  of  the  compaftes  in  the  interfedfion 

b,  as  a center,  and  with  the  fame  radius  defcribe 

the 
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the  quadrant  f h ; then  divide  each  quadrant  into 
90  equal  pans,  or  degrees,  as  in  the  figure. 

Becaufe  the  hour  lines  arc  Iefs  diftant  from 
each  other  about  noon,  than  in  any  other  part  of 
the  dial,  it  is  bed  to  have  the  centers  of  the 
quadrants  at  fomediftance  from  the  center  of  the 
dial  plane,  in  order  to  enlarge  the  hour  didances 
near  XII;  thus  the  center  of  the  plane  is  at  A, 
but  the  center  of  the  quadrants  is  at  a and  b. 

Lay  a rule  over  78°  9 and  the  center  b,  and 
draw  there  the  hour  line  of  I.  Through  b,  and 
65  4L  gives  the  hour  line  of  II.  Through  b, 
and  51  57,  that  of  III.  Through  the  fame  cen- 
ter, and  36  24,  we  obtain  the  hour  line  of  IV. 
And  through  it,  and  18  54,  that  of  V.  And 
becaufe  the  fun  riles  about  four  in  the  morning, 
continue  the  hour  lines  of  IV  and  V in  the  after- 
noon, through  the  center  b to  the  oppofite  fide  of 
the  dial. 


Now  lay  a rule  fuccefiively  to  the  center  a of 
the  quadrant  e g,  and  the  like  elevations  or  de- 
grees of  that  quadrant,  78,9,  65,41,  SI)57j 

36,24,  18,54,  which  will  give  the  forenoon 
hours  of  XI,  X,  IX,  VIII,  and  VII ; and  be- 
caufe  the  fun  does  not  fet  before  VIII  in  the 

evening 
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evening  on  the  longed  days,  continue  the  hour 
lines  of  VII  and  VIII  in  the  afternoon,  and  all 
the  hour  lines  will  be  finifhed  on  this  dial. 

Laftly,  through  51 1 degrees  on  either  qua- 
drant, and  from  it’s  center,  draw  the  right  line 
a g for  the  axis  of  the  gnomon  a g i,  and  from  g 
let  fall  the  perpendicular  g i upon  the  meridian 
line  a i,  and  there  will  be  a triangle  made,  whofe 
fides  are  a g,  g i,  and  i a 5 if  a plate  fitnilar  to 
this  triangle  be  made  as  thick  as  the  diftnnee  be- 
tween the  lines  ac  and  b d,  and  be  fet  upright 
between  them,  touching  at  a and  b,  the  line  a g 
will,  when  it  is  truly  fet,  be  parallel  to  the  axis 
of  the  world,  and  will  cad  a (hadow  on  the  hour 

of  the  day. 

The  trouble  of  dividing  the  two  quadrants 
may  be  laved,  by  ufing  a line  of  chords,  which 
is  always  placed  upon  every  fcale  belonging  to  a 
^afe  of  inllruments. 
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PROBLEM  XLIT. 

To  delineate  a direct  fouth  dial  for  any  given 
latitude,  by  the  globe. 

Let  us  fuppofe  a fouth  dial  for  the  latitude  of 
London. 

Elevate  the  pole  to  the  co-latitude  of  your 
place,  and  proceed  in  all  refpefts  as  above  taught 
for  the  horizontal  dial,  from  VI  in  the  morning 

t> 

to  VI  in  the  alternoon,  only  the  hours  mult  be 
reverfed,  as  in  fig.  3,  plate  XII.  ; and  the  hy- 
pothenufe  a g of  the  gnomon  a g f,  mult  make  an 
angle  with  the  dial  plane  to  the  co-latitude  of  the 
place. 

As  the  fun  can  fliine  no  longer  than  from  VI  in 
the  morning  to  VI  in  the  evening,  there  is  no 
occafion  for  having  more  than  twelve  hours  upon 
this  dial. 

In  folving  this  problem,  we  have  conlidered 
our  vertical  fouth  dial  for  the  latitude  of  London, 
as  an  horizontal  one  lor  the  complement  of  that 
la*  tnde,  or  38  deg.  30 min.  ; all  direct  vertical 
dials  may  be  thus  reduced  to  horizontal  ones,  in 
the  fame  manner.  The  reafon  of  this  will  be 

evident. 
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evident,  if  the  globe  be  elevated  to  the  latitude  of 
London ; for  by  fixing  the  quadrant  of  altitude 
to  the  zenith,  and  bringing  it  to  interfedt  the 
horizon  in  the  eaft  point,  it  "will  point  out  the 
plane  of  the  propofed  dial. 

This  plane  is  at  right  angles  to  the  meridian, 
and  perpendicular  to  the  horizon  ; and  it  is  clear, 
from  the  bare  infpe&ion  of  the  globe  thus  ele- 
vated, that  it’s  axis  forms  an  angle  with  this 
plane,  which  is  juft  the  complement  of  that 
which  it  forms  with  the  horizon,  and  is  therefore 
juft  equal  to  the  co-latitude  of  the  place,  and 
that  therefore  it  is  moft  fimple  to  rectify  the  globe 
to  that  co-latitude. 


The  north  vertical  dial  is  the  fame  with  the 
fouth,  only  the  ftyle  nruft  point  upwards,  and 
that  many  of  the  hours  from  it’s  direction  can  be 
of  no  ufe. 


problem 
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problem  XLirr. 

To  make  an  erect  dial,  declining  from  the  fouth 
towards  the  eaft  or  weft. 

Elevate  the  pole  to  the  latitude  of  the  place, 
and  ferew  tne  quadrant  of  altitude  to  the  zenith,. 

Then  it  your  dial  declines  towards  the  eaft? 
(which  we  fhall  fuppofe  in  the  prefent  inftance) 
count  in  the  horizon  the  degrees  of  declination, 
from  the  eaft  point  towards  the  north,  and  bring 
the  lower  end  of  the  quadrant  to  coincide  with 
that  degree  of  declination  at  which  the  reckoning 
ends.  h 


Then  bring  the  firft  meridian  under  the  gradu- 
ated edge  of  the  flrong  brazen  meridian,  which 
ftrong  meridian  will  be  the  horary  index. 

Now  turn  the  globe  wefhvard,  and  obferve  the 
degrees  cut  in  the  quadrant  of  altitude  by  the  firft 
meridian,  while  the  hours  XI,  X,  IX,  &c.  in 
the  forenoon,  pals  fucceffively  under  the  brazen 
one  ; and  the  degrees  thus  cut  on  the  quadrant  by  ■ 

t,  ° ' mendlan'  arc  t!lc  relpedlive  diftanccs  of 
he  forenoon  hours,  from  XII,  on  the  plane  of 
the  quadrant. 


For 
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For  the  afternoon  hours,  turn  the  quadrant  of 
altitude  round  the  zenith,  until  it  comes  to  the 
degree  in  the  horizon,  oppofite  to  that  where  i 
J placed  before,  namely,  as  far  from  the  weft 
towards  the  fouth,  and  turn  the  globe  eaftward  ; 

and  as  the  hours  I,  II,  HI.  &<=.  pafs  unde  the 

ftrong  brazen  meridian,  the  firft  meridian  w>U 
on  the  quadrant  of  altitude  the  number  ol  deg,  ees 
from  the  zenith,  that  each  of  the  hours  is  from 

XII  on  the  dial. 


When  the  firft  meridian  goes  off  the  quadrant 
at  the  horizon,  in  the  forenoon,  the  hour  index 
W,U  fhew  the  time  when  the  fun  comes  upon  this 
SS  and  when  it  goes  off  the  quadrant  -n  the 
afternoon,  it  points  to  the  time  when  the  fun 

leaves  the  dial. 


Having  thus  found  all  the  hour  diftances  from 
XU  lay  them  down  upon  your  dial  plane,  eithe 
by  dividing  a fcmicircle  into  two  quadrants,  or 

by  the  line  of  chords. 


In  all  declining  dials,  the  line  on 
gnomon  ftands  makes  an  ange  w it 
o’clock  line,  and  falls  among  the  forenoon  h 

lines  if  the  dial  declines  towards  the  eaft ; 

i afternoon  hour  lines,  when  the  dial 
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declines  towards  the  weft  ; that  is,  to  the  left 
hand  from  the  twelve  o’clock  line  in  the  former 
cafe,  and  to  the  right  hand  from  it  in  the  latter. 

To  find  the  diftance  of  this  line  from  that  of 

twelve* 

* r 

This  maybe  confidered,  1.  If  the  dial  declines 
from  the  fouth  towards  the  eaft,  then  count  the 
degrees  of  that  declination  in  the  horizon,  from 
the  eaft:  point  towards  the  north,  and  bring  the 
lower  end  of  the  quadrant  to  that  degree  of  decli- 
nation where  the  reckoning  ends ; then  turn  the 
globe,  until  the  firft  meridian  cuts  the  horizon 
in  the  like  number  of  degrees,  counted  from  the 
fouth  point  towards  the  eaft,  and  the  quadranr 
and  firft  meridian  will  crofs  one  another  at  right 
angles,  and  the  number  of  degrees  of  the  quadrant, 
which  are  intercepted  between  the  firft  meridian 
and  the  zenith,  is  equal  to  the  diftance  of  this  line 
from  the  twelve  o’clock  line. 

i 

The  numbers  of  the  firft  meridian,  which  are 
intercepted  between  the  quadrant  and  the  north 
pole,  is  equal  to  the  elevation  of  the  ftyle  above 
the  plane  of  the  dial. 


Bb 
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The  fecond  cafe  is,  when  the  dial  declines 
weftward  from  the  fouth. 

Count  the  declination  from  the  eaft  point  of 
the  horizon,  towards  the  louth,  and  bring  the 
quadrant  of  altitude  to  the  degiee  in  thehoiizon, 
at  which  the  reckoning  ends,  both  for  finding  the 
forenoon  hours,  and  the  diftance  of  the  fubftile, 
or  gnomon  line,  from  the  meridian;  ana  for  the 
afternoon  hours,  bring  the  quadrant  to  the  oppofite 
degrees  in  the  horizon,  namely,  as  far  from  the 
we&ft  towards  the  north,  and  then  proceed  in  all 

refpedts  as  before. 

It  is  prefumed,  that  the  foregoing  inftances 
will  be  fufficient  to  illuftratethe  general  principles 
of  dialling,  and  to  give  the  pupil  a general  idea  of 
that  pleating  fciencci  for  accurate  and  expeditious 
methods  of  conftruaing  dials,  we  mull  refer  him 
to  treadles  written  exprefsly  on  that  tubjedt. 


NAVIGATION 
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NAVIGATION 


EXPLAINED  BY  THE 


GLOBE, 


NAVIGATION  is  the  art  of  guiding  a 
fhip  at  fea,  from  one  place  to  another, 
in  the  fafeft  and  moft  convenient  manner.  In 
order  to  attain  this,  four  things  are  particularly 
neceffary  : 

1.  To  know  the  lituation  and  diftance  of 
places. 

2.  To  know  at  all  times  the  points  of  the 
compafs. 


Bb  2 
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3.  To  know  the  line  in  which  the  (hip  is  to 
be  directed  from  one  place  to  the  other. 

4.  To  know,  in  any  part  of  the  voyage,  what 
point  of  the  globe  the  fhip  is  upon. 

The  knowledge  of  the  difiance  and  fituation  of 

O / 

places,  between  which  a voyage  is  to  be  made, 
implies  not  only  a general  knowledge  of  geogra- 
phy, but  of  feveral  other  particulars,  as  the  rocks, 
fands,  ftraights,  rivers,  &c.  near  which  we  are  to 
fail ; the  bending  out,  or  running  in  ol  the  ftiores, 
the  knowledge  of  the  times  that  particular  winds 
fet  in,  the  feafons  when  ftorms  and  hurricanes 
are  to  be  expeclcd,  but  efpecially  the  tides  ; 
thefe,  and  many  other  fimilar  circumftances, 
are  to  be  learned  from  fea  charts,  journals,  &c. 
but  chiefly  by  obfervation  and  experience. 

The  fecond  particular  to  be  attained,  is  the 
knowledge  at  all  times  of  tne  points  ol  the  com- 
pafs,  where  the  fhip  is.  The  ancients,  to  whom 
the  polarity  of  the  loadftone  was  unknown,  found 
in  the  day-time  the  call  or  weft,  by  the  riling  or 
felting  of  the  fun  ; and  at  night,  the  north  by  the 
polar  ftar.  We  have  the  advantage  of  the 
mariner’s  compafs,  by  which,  at  any  time  in  the 
wide  ocean,  and  the  darkeft  night,  we  know 
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where  the  north  is,  and  confequently  the  reft  of 
the  points  of  the  compafs. 

Indeed,  before  the  invention  of  the  mariner’s 
compafs,  the  voyages  ot  the  Europeans  were 
principally  confined  to  coafting ; but  this  for- 
tunate difeovery  has  enabled  the  mariner  to  ex- 
plore new  leas,  and  difeover  new  countries,  w hich, 
without  this  valuable  acquifition,  would  probably 
have  remained  for  ever  unknown. 

The  third  thing  required  to  be  known,  is  the 
line  which  a fhip  deferibes  upon  the  globe  of  the 
earth,  in  going  from  one  place  to  another. 

The  fhorteft  way  from  one  place  to  another, 
is  an  arc  of  a great  circle,  drawn  through  the  two 
places. 

The  moft  convenient  way  for  a fhip,  is  that  by 
which  we  may  fail  from  one  place  to  another, 
directing  the  fhip  all  the  while  towards  the  fame 
point  of  the  compafs. 

A fhip  is  guided  by  fleering  or  directing  her 
towards  fome  points  of  the  compafs;  the  line 
wherein  a fhip  is  directed,  is  called  the  fhip’s 

B b 3 courfe. 
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courfe,  which  is  named  from  the  point  towards 
which  flie  fails. 

Thus  if  a fhip  fails  towards  the  north-eaff 
point,  her  courfe  is  faid  to  be  N.  E. 

In  long  voyages,  a (hip's  way  may  confift  of  a 
great  number  of  different  courfes,  as  from  / to 
B,  from  B to  C,  and  from  C to  D,  fig.  9,  plate 
XII. ; when  we  fpeak  of  a (hip’s  courfe,  we  con- 
fider  one  of  thefe  at  a time ; the  feldomer  the 
courfe  is  changed,  the  more  eafily  the  fhip  is 
directed. 

If  two  places,  A and  Z,  fig.  7,  plate  XII- 

LIE  UNDER  THE  SAME  MERIDIAN,  the  COUrfe  from 

the  one  to  the  other  is  due  north  or  fouth.  Thus 
let  A Z be  part  of  a meridian  ; if  A be  fouth  of 
Z,  the  courfe  from  A to  Z muff  be  north,  and 
the  courfe  from  Z to  A fouth.  This  is  evident 
from  the  nature  of  a meridian,  that  it  marks 
upon  the  horizon  the  north  and  fouth  points,  and 
that  every  point  of  any  meridian  is  north  or  fouth 
from  every  other  point  of  it.  From  hence  we 
may  deduce  the  following  corollary  : that  it  a fhip 
fails  due  north  or  fouth,  (he  will  continue  on  the 
fame  meridian. 


If 
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If  two  places  lie  under  the  equator,  the 
courfe  from  one  to  the  other  is  an  arc  of  the 
equator,  and  is  due  cad  or  weft.  I hus  let  a z, 
fig.  7 , be  a part  of  the  equator  ; if  a be  weft  from 
z,  the  courfe  from  a to  z is  eaft,  and  the  courfe 
from  z to  a is  weft : for  fince  the  equator  marks 
the  eaft  and  weft  points  upon  the  horizon,  every 
point  of  the  equator  lies  eaft  or  weft  of  every  other 
point  of  it,  as  may  be  feen  upon  the  globe,  by 
placing  it  as  for  a right  fphere,  and  bringing  a or 
z,  or  any  of  the  intermediate  points,  to  the 
zenith ; when  it  will  be  evident,  that  if  we  are 
to  go  from  one  of  thefe  points  a,  to  the  other  z, 
or  to  any  point  on  the  equator,  we  muft  continue 
our  courfe  due  eaft  to  arrive  at  a,  or  vice  verfa. 
From  hence  we  may  deduce  this  confcquence, 
that  if  a fir  ip  under  the  equator  fails  due  eaft  or 
weft,  file  will  continue  under  the  equator. 

In  the  two  foregoing  cafes,  the  courfe  being  an 
arc  of  a great  circle,  (the  meridian  or  equator)  is 
the  fhorteft  and  the  moft  convenient  way  it  can 
fail. 

If  two  places  lie  under  the  same  paral- 
lel, the  courfe  from  one  to  the  other  is  due  eaft 
or  weft;  this  may  be  feen  upon  the  globe,  by  the 
following  method  : bring  any  point  of  a parallel 
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to  the  zenith,  and  ftretch  a thread  over  it,  per- 
pendicular  to  the  meridian  ; the  thread  will  then 
be  a tangent  to  the  parallel,  and  ftand  call  and 
weft  from  the  point  of  contaft.  Hence,  if  a 
ihip  fails  in  any  parallel,  due  eaft  or  weft,  ftie 
will  continue  in  the  fame  parallel,  fn  this  cafe, 
the  molt  convenient  courfe,  though  not  the 
fhorteft  from  one  to  the  other,  is  to  fail  due  eaft 
or  weft. 

i 

If  two  places  lie  neither  under  the 
equator,  nor  on  the  same  meridian,  nor 
jn  the  same  parallel,  the  moft  convenient, 
though  not  the  fhorteft,  courie  from  one  to  the 

p 

other,  is  in  a rhumb. 

For  if  we  (hould  in  this  cafe  attempt  to  go  the 
fhorteft  wav,  in  a great  circle  drawn  through  the 
two  places,  vve  mull  be  perpetually  changing  out 
courfe.  Thus  fig  8,  whatever  is  the  beaiing 
of  Z from  A,  the  bearings  of  all  the  intermediate 
points,  as  B,  C,  D,  E,  &c.  will  be  different 
from  it,  as  well  as  different  from  each  other,  as 
may  be  ealily  feen  upon  the  globe,  by  bunging 
the  firft  point  A to  the  zenith,  and  obferving 
the  bearing  of  Z from  each  of  them.  Thus  fup- 
pofe  w hen  the  globe  is  rectified  to  the  horizon  of 
A,  the  bearing  of  Z from  A be  north-eaft,  and 
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the  angle  ofpofition  of  Z,  with  regard  to  A,  be 
45  degrees  ; if  we  bring  B to  the  zenith,  we  fhall 
have  a different  horizon,  and  the  bearing  and 
angle  of  pofition  from  Z to  B will  be  oifferent 
from  the  former ; and  io  on  of  the  other  points 
C D E,  they  will  each  of  them  have  a different 
horizon,  and  Z will  have  a different  bearing  and 
angle  ofpofition. 

From  hence  we  may  draw  this  coro1  ary,  that 

* * 

when  two  places  lie  one  from  the  other,  towards 
a point  not  cardinal,  if  we  fail  from  one  place  to- 
wards the  point  of  the  other’s  bearing,  ue  fhall 
never  arrive  at  the  other  place  , Thus  if  7^  lies 
north -ea (l  from  A,  if  we  fail  from  A towards  the 
north-call,  we  fhall  never  arrive  at  Z. 

A rhumb  upon  the  globe  is  a line  drawn 
from  a given  place  A,  fo  as  to  cut  all  the  me- 
ridians it  pa fles  through  at  equal  angles  ; the 
rhumbs  are  denominated  from  the  points  of  the 
compafs,  in  a different  manner  from  the  winds. 
Thus,  at  fea,  the  north-cart  wind  is  that  which 
blows  from  the  north-eaft  point  of  the  horizon, 
towards  the  fliip  in  which  we  are ; but  we  are 
foid  to  fail  upon  the  N.  E.  rhumb,  when  we  go 
towards  the  north-eaft. 
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The  rhumb  A B C D Z,  fig.  8,  plate  XI f. 
palfing  through  the  meridians  L M,  N O,  P O, 
makes  the  angles  LAB,  NBC,  P C D,  equal ; 
from  whence  it  follows,  that  tiie  direction  of  a 
rhumb  is  in  every  part  of  it  towards  the  fame 
point  of  the  compafs  ; thus  from  every  point  of  a 
north-eaft  rhumb  upon  the  globe,  the  direction  is 
towards  the  north-caft,  and  that  rhumb  makes 
an  angle  of  45  deg.  with  every  meridian  it  is 

drawn  through. 

Another  property  of  the  rhumbs  is,  that  equal 
parts  of  the  fame  rhumb  are  contained  between 
parallels  of  equal  diftance  of  latitude  ; fo  that  a 
Blip  continuing  in  the  fame  rhumb,  will  run  the 
fame  number  of  miles  in  failing  from  the  parallel 
of  10  to  the  parallel  of  30.  as  Bie  does  in  failing 
from  the  parallel  of  30  to  that  of  50. 

The  fourth  thing  mentioned  to  be  required  in 
navigation,  was,  to  know  at  any  time  what  point 
of  the  globe  a {hip  is  upon.  I his  depenus  upon 

four  things;  1.  the  longitude ; 2.  the  latitude  ; 
3.  the  courfe  the  {hip  has  run;  4.  the  dihance, 
that  is,  the  way  {he  has  made,  or  the  number  of 
leagues  or  miles  flic  has  run  in  that  courfe,  from 
the  place  of  the  laft  obferyation.  Now  any  two 
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of  thefe  being  known,  the  reft  may  be  eafily 
found. 


Having  thus  given  feme  general  idea  of  navi- 
gation, we  now  proceed  to  the  problems  by  which 
the  cafes  oi  lading  are  l'olvcd  on  the  globe. 

PROBLEM  X L I V. 

Given  the  difference  of  latitude,  and  difference 

of  longitude,  to  find  the  count  and  d, fiance 
laded.  * 

. fxamP!c-  Admit  a fliip  fails  from  a port  A 
>n  witudejs  deg.  to  another  port  B,  in  latitude 
5 deg.  and  finds  her  difference  of  longitude 

Let  the  port  A be  brought  to  the  meridian 
pcntT  gdobetothe  given  latttude  of  that' 
precT  1 °C&'  and  flXmS  'he  qUadrant  altitude 

‘hen  wiM 1 if  liatitUde  3nd  l°ngitUde> 

'■ ‘-c  in  tne  horizon  rorWr 

^ the  angle  of  the  ship's  nHn* 

Sim  s COURSE  to  be.  fleered 

from 


* 
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from  the  port  A.  Alfo,  count  the  degrees  in  the 
quadrant  between  the  two  ports,  which  you  will 
find  51  deg. ; this  number  multiplied  by  60,  (the 
nautical  miles  in  a degree)  will  give  3060  for  the 
distance  run. 


PROBLEM  XLV. 

Given  the  difference  of  latitude  and  courfe,  to 
find  the  difference  of  longitude  and  diflance 

failed. 

v 

Example.  Admit  a fhip  fails  from  a port  A, 
in  2 c,  deg.  north  latitude,  to  another  poit  B,  in 
30  deg.  fouth  latitude,  upon  a coui  fe  oi  4.3  ff-S* 

Bring  the  port  A to  the  meridian,  and  redhfy 

the  globe  to  the  latitude  thereof  25  deg.  where 

fix  the  quadrant  of  altitude,  and  place  it  fo  as  to 

make  an  angle  with  the  meridian  of  43  deg.  in 

the  horizon,  and  obferve  where  the  edge  of  the 

quadrant  interfeCts  the  parallel  of  30  deg.  fouth 

latitude,  for  that  is  the  place  of  the  port  B. 

Then  count  the  number  of  degrees  on  the  edge  0 

the  quadrant  interfered  between  the  two  ports 

and  there  will  be  found  73  deg.  which  multiplied 

by  60,  gives  4380  miles  for  the  diflance  lailed. 

As  the  two  ports  are  now  known,  let  each  e 

brought 
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brought  to  the  meridian,  and  obferve  their 
difference  of  longitude  in  the  equator  refpeflively, 
which  will  be  found  50  deg. 

N.  B.  Had  this  problem  been  folved  by 
LOxoDROMics,  or  failing  on  a rhumb,  the  differ- 
ence of  longitude  would  then  have  been  52  de^, 
30  min.  between  the  two  ports. 


problem  xlvi. 

Given  the  difference  of  latitude  and  diftance  run, 

to  find  the  difference  of  longitude,  and  angle 
of  the  courfe.  0 


Example.  Admit  a (Lip  fails  from  a port  A, 
in  latitude  50  deg.  to  another  port  B,  in  latitude 
17  deg.  30  mm.  and  her  diftance  run  be  2220 
miles.  Rectify  ,he  globe  to  the  latitude  of  the 
Place  A,  then  the  diftance  run,  reduced  to  de- 
grees, will  make  37  deg.  which  arc  to  be 

reckoned  from  the  end  of  the  quadrant  lying  over 
the  port  A,  under  the  meridian  , then  is  the  qua- 

with  rh°  l,C  movcd’  tl!l  t!le  27  deS-  c°incides 
th  the  parallel  of  i7  deg.  30  min.  north  lati- 

'•  then  "ill  the  angle  of  the  courfe  appear  in 

quad  h°riZOn’  in£erccPted  between  the 

q ‘ lant  and  the  mendian,  which  will  bc32  deg. 

40 
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40  min. ; and  by  making  a mark  on  the  globe 
for  the  port  B,  and  bringing  the  fame  to  the 
meridian,  you  will  obferve  what  number  of 
degrees  pafs  under  the  meridian,  which  will  be 
20,  the  difference  of  longitude  required. 

PROBLEM  XLV II. 

Given  the  difference  of  longitude  and  courfe,  to 
find  the  difference  of  latitude  and  diftance 

failed-  „ 

Example.  Suppofe  a chip  fails  from  A,  in  the 
latitude  5 1 deg.  on  a courfe  making  an  angle  with 
the  meridian  of  40  deg.  till  the  difference  of 
longitude  be  found  juft  20  deg.  ; then  rectifying 
the  globe  to  the  latitude  of  the  port  A,  place  the 
quadrant  of  altitude  fo  as  to  make  an  angle  of  40 
deg.  with  the  meridian  ; then  obferve  in  what 
point  it  interfeds  the  meridian  paffing  through 
the  given  longitude  of  the  port  B,  and  thciemake 
a mark  to  reprefent  the  faid  port ; then  the  num- 
ber of  degrees  intercepted  between  that  and  the 
port  A will  be  28,  which  will  give  1680  miles 
for  the  diftance  run.  And  the  faid  mark  for  the 
port  B.  being  brought  to  the  meridian,  will  have 

it’s  latitude  there  fhewn  to  be  27  deg.  40  min. 


PROBLEM 
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problem  xl  vii  r. 


Given  the  courfe  and  diflance  failed,  to  find  the 
diffeience  of  longitude,  and  difference  of 
latitude. 

Example.  Suppofe  a fhip  fails  1800  miles 
iiom  a poit  A,  deg.  15  min.  fouth-wefl,  oil 
an  angle  of  45  deg.  to  another  port  B. 

Having  rectified  the  globe  to  the  port  A,  fix 
the  quadrant  of  altitude  over  it  in  the  zenith,  and 
place  it  to  the  fouth-wefl  point  in  the  horizon  ; 
then  upon  the  edge  of  the  quadrant  under  30  deg. 
(equal  to  1 800  miles  from  the  port  A)  is  the 
port  B;  which  bring  to  the  meridian,  and  you 
will  theie  fee  tne  latitude  ; and  at  the  fame  time, 
it  s longitude  in  the  equator,  in  the  point  cut  by 
the  meridian. 

In  all  thefe  cafes,  the  Imp  is  fuppofed  to  be 
kept  upon  the  arch  of  a great  circle,  which 
is  not  difficult  to  be  done,  very  nearly,  by  means 
of  the  globe,  by  frequently  obferving  the  latitude, 
mea faring  the  diftance  failed,  and  (when  you 
Can)  Ending  the  difference  of  longitude;  for 
one  of  thefe  being  given,  the  place  and  courfe  of 
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the  fhip  is  known  at  the  fame  time  ; and  there- 
fore the  preceding  courfe  may  be  altered,  and 
rectified  without  any  trouble,  through  the  whole 
voyage,  as  often  as  fuch  obfervations  can  be  ob- 
tained, 01  it  is  found  neceffary.  Now  if  any  of 
thefe  data  are  but  of  the  quantity  of  lour  or  five 
degrees,  it  will  fuffice  for  correcting  the  (hip’s 
courfe  by  the  globe,  and  carrying  her  directly  to 
the  intended  port,  according  to  the  following 
problem. 

✓ 

problem  xlix. 

To  (leer  a (hip  upon  the  arch  of  a great  circle  by 
the  given  difference  of  latitude,  or  diiierence 
of  longitude,  or  diftance  failed  in  a given  time. 

Admit  a (hip  fails  from  a port  A,  to  a very 
diftant  port  Z,  whole  latitude  and  longitude  are 
given,  as  well  as  it’s  geographical  bearing  from 

A;  then 

Firft , having  rectified  the  globe  to  the  port  A, 
lay  the  quadrant  of  altitude  over  the  port  Z, 
draw  thereby  the  arch  of  a great  circle  through 
and  Z ; this  will  delignthc  intended  path  or  trac 

of  the  fhip. 


Secondly, 
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Secondly,  having  kept  the  fliip  upon  the  firft 
given  courfe  for  fome  time,  fuppofe  by  an  obfer- 
vation  you  hnd  the  latitude  of  the  present  place 
of  the  lh ip,  this  added  to,  or  fubducled  from  the 
latitude  of  the  port  A,  will  give  the  prefent  lati- 
tude in  the  meridian  ; to  which  bring  the  path  of 
the  ihip,  and  the  part  therein,  which  lies  under 
the  new  latitude,  is  the  true  place  B of  the  fliip 
in  the  great  arch.  To  the  latitude  of  B rectify 
the  globe,  and  lay  the  quadrant  over  Z,  and  it 
will  fhevv  in  the  horizon  the  n EWr  course  to  be 
fleered. 


Thirdly,  fuppofe  the  fhip  to  be  fieered  upon 
this  courfe,  till  her  diflance  run  be  found'  300 
miles,  or  5 deg. ; then,  the  globe  being  rectified 
to  the  place  B in  the  zenith,  laying  the  quadrant 
from  thence  over  the  great  arch,  make  a mark  at 
the  5th  degree  from  B,  and  that  will  be  the  pre- 
fent place  of  the  ihip,  which  call  C;  which  being 
brought  to  the  meridian,  it’s  latitude  and  longi, 
tude  will  be  known.  Then  r edify  the  globe  to 
the  place  C,  and  laying  the  quadrant  from  thence 

to  Z,  the  new  courfe  to  be  fleered  will  appear  in 
the  horizon. 


Fourthly,  having  fleered  fome  time  upon  this 
new  courfe,  fuppofe,  by  fome  means  or  other, 

C c 

v v . you 
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you  come  to  know  the  difference  of  longitude  of 
the  prefent  place  of  the  {hip,  and  of  any  of  the 
preceding  places,  C,  B,  A;  as  B,  for  infiance; 
then  bring  B to  the  meridian,  and  turn  the  globe 
about,  till  fo  many  degrees  of  the  equator  pafs 
under  the  meridian,  as  are  equal  to  the  dif- 
covered  difference  of  longitude,  then  the  point 
of  the  great  arch  cut  by  the  meridian,  is  the  pre- 
fent place  D of  the  fhip,  to  which  the  new  courfe 
is  to  be  found  as  before. 

And  thus,  by  repeating  thefe  obfervations  at 
proper  intervals,  you  will  find  future  places,  E, 
F,  G,  &c.  in  the  great  arch ; and  by  rectifying 
the  courfe  at  each,  your  flip  will  be  conducted 
on  the  great  circle,  or  the  neareft  way  from  the 
port  A to  Z,  by  the  use  of  the  globe  only. 
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Of  the  ceneral  Distribution  of  Land  and 
Water  in  the  Terraqueous  Globe,  with 
SOME  OTHER  GEOGRAPHICAL  OBSERVATIONS. 

Though  the  nature  of  our  plan  does  not  per- 
mit us  to  enter  into  many  geographical  difqui- 
litions,  yet  we  prefume  the  following  general 
view  will  not  be  deemed  irrelative  to  the  lubjcd: ; 
as  while  it  tends  to  bring  the  pupil  acquainted 
with  the.  grand  outline  of  the  globe,  it  will  be  a 
plealing  relief  from  the  more  abrtrufe  part  in 
which  he  has  been  exercifed. 

If  the  pupil  confiders  the  terreflrial  globe  as  a 
map,  he  will  find  that  land  and  water  are  gene- 
rally contrafted  to  one  another  on  the  oppofite  fide 
of  the  world  ; that  is,  if  there  be  land  on  one  fide, 
it  is  anfwered  by  water  in  the  antipodes.  Thus 
for  mftance,  the  circumpolar  parts  of  the  north- 
ern hemifphere  confirt  chiefly  of  land  ; but  the 
circumpolar  parts  of  the  fouth  confift  almofl  en- 
tirely of  water.  It  was  formerly  thought,  that 
as  there  is  fo  much  land  about  the  north  pole, 
lanu  would  alfo  have  been  found  about  the 
fouth  pole,  to  have  ballanced  i . * But  the  dif- 
coveries  of  our  circumnavigators  have  fhewn, 
that  no  fuch  land  is  to  bemet  with  ; nor  ought  it 

C c 2 to 
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to  have  been  expecled,  for  land  on  one  fide  is 
balanced  by  water  on  the  oppofite. 

If  you  bring  the  Cape  of  Good  Hope  under  the 
Prong  brazen  meridian,  this  meridian  will  pafs 
th  rough  the  heart  of  the  continents  of  Europe 
and  Africa  ; but  the  oppofite  femicircle  pafl'es 
through  the  middle  of  the  great  fouth  fea.  When 
the  middle  of  the  northern  continent  of  America, 
about  the  meridian  of  Mexico,  is  examined  in 
the  fame  way,  the  oppofite  part  pafl'es  through 
the  middle  of  the  Indian  ocean.  The  fouthern 
continent  of  New  Holland  is  oppofite  to  the 
Atlantic  ocean.  This  alternation  of  land  and 
water  is  too  regular  to  have  been  cafual  ; but  of 
the  reafon  for  it,  or  the  benefits  arifing  from  it, 
we  are  altogether  ignorant. 

t 

There  is  another  phenomenon  which  is  more 
level  to.  our  capacity,  the  manifcfl  fuperiority  of 
the  northern  hemifphere  of  the  world  over  the 
fouthern.  it  has  more  land,  more  fun,  more 
light,  more  heat,  more  arts,  more  fenfe,  more 
learning,  more  truth,  more  religion.  7 he  land 
of  the  fouthern  hemifphere,  that  is,  the  land 
which  lies  on  the.  other  fide  of  the  equinoctial 
line,  does  not  amount  to  one- fourth  part  of  what 
is  found  on  the  northern  fide. 

The 
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The  fun,  from  the  eccentricity  of  the  earths 
orbit,  and  the  fituation  of  the  aphelion,  makes 
our  fummer  eight  days  longer  than  the  Cummer 
of  the  other  hemifphere,  which  in  the  fpace  of 
4000  years  amounts  to  more  than  87  years. 

The  temperature  of  the  earth  and  atmofphere 
in  the  higher  northern  latitudes,  is  much  more 
mild  and  moderate  than  in  the  corrcfpondent 
fouthern  latitudes.  The  dreary  face  of  Staten 
land,  with  the  weather-beaten  Cape  of  South 
America,  a climate  fo  fevere,  as  fcarcely  to  ad- 
mit ot  any  human  inhabitant,  is  not  nearer  to  the 
pole  than  the  northern  counties  of  England,  while 
the  difference  in  the  atmofphere  and  the  afped  of 
the  earth  is  almoft  incredible. 

The  nights  of  the  northern  hemifphere  difplay 
a richer  canopy  than  thofe  of  the  fouthern.  The 
liars  of  fuperior  magnitude  are  more  numerous 
on  this  fide  the  equinodial  than  on  the  other. 
When  the  fun  is  remote  from  us  in  winter,  our 
longed  nights  are  illuminated  by  the  principal 
Ears  of  the  firmament.  When  the  fun  enters 
Capricorn,  the  whole  conftellation  of  Orion,  the 
hrightefi  in  the  heavens,  comes  to  the  meridian 
about  midnight,  with  feveral  other  liars  of  the 
fi*fi  magnitude.  If  the  midwinter  of  the  fouth- 

Cc  3 
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ern  hemifphere  be  compared,  the  inferiority  of 

the  nocturnal  illumination  is  wonderful,  and  will 

% 

be  evident  to  any  one  who  examines  the  problem 
on  a celeftial  globe. 

The  intellectual  advantages  of  the  northern 
hemifphere  are  equally  confpicuous  with  the 
natural  advantages.  In  the  one,  the  arts  and 
fciences  have  always  flourifhcd;  but  where  are 
the  poets,  the  hiftorians,  the  orators,  the  philo- 
fophers,  of  the  fouthcrn  world  ? We  may  as 
well  fearch  for  the  fciences  among  the  beafts  of 
the  wildernefs.  There  would  be  no  end,  if  we 
were  to  continue  the  comparifon  through  all  the 
feveral  improvements  which  may  be  compre- 
hended under  the  name  of  humanity  ; for  here  we 
have  every  thing  that  can  adorn  human  life,  and 
there  they  can  have  nothing.  Pie  that  conliders 
the  fubjeeft,  will  find  that  the  natural  and  intel- 
lectual advantages  always  correfpond  to  each 
other. 

Every  habitable  latitude  enjoys  a heat  of  60 
degrees  at  leafi,  for  two  months ; which  heat 
feems  necelTary  for  the  growth  and  maturity  of 
corn.  The  quicknefs  of  vegetation  in  the  higher 
latitudes,  proceeds  from  the  duration  of  the  fun 

over  the  horizon.  Rain  is  little  wanted,  as  the 

earth 
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earth  is  fufiiciently  moiftened  by  the  melting  of 
the  fnow  that  covers  it  during  the  winter  : cir- 
cumftances,  which,  among  many  others,  evince 
the  wife  difpofition  of  things  by  divine  pro- 
vidence. 

It  is  owing  to  the  fame  provident  hand  that  the 
globe  of  the  earth  is  interfered  with  feas  and 
mountains,  in  a manner  that  on  it’s  firft  appear- 
ance feems  altogether  irregular  and  fortuitous, 
prefenting  to  the  uninformed  eye  the  view  of  an 
immenfc  ruin;  but  when  the  effects  of  thefe 
feeming  irregularities  on  the  face  of  the  globe, 
are  carefully  infpecled,  they  are  found  moft  bene- 
ficial, and  even  neceflary  to  the  welfare  of  it's 
inhabitants ; for  to  fay  nothing  of  the  advantages 
of  trade  and  commerce,  which  could  not  ex i ft 
without  thefe  feas,  it  is  by  them  that  the  cold  of 
the  highci,  and  the  heat  of  the  lower  latitude,  is 
moderated.  It  is  by  the  want  of  feas,  that  the 
interior  parts  of  Aha,  as  Siberia  and  Great  Tar- 
taiy,  as  well  as  thofe  of  Africa,  are  rendered 
almoft  uninhabitable.  In  the  fame  manner, 
mountains  are  neceflary,  net  only  as  the  fources 
of  livers,  but  as  a defence  againft  heat,  in  the 
warm  latitudes;  without  the  Alps,  Pyrenees, 
Apemne,  the  mountains  Dauphine  and  Auvergne, 
tal^  SPain>  an^  France,  would  be  deprived  of 
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the  mild  air  they  now  enjoy.  Without  the  Bal- 
gate  hills,  or  Indian  Apenine,  India  would  have 
been  a defert.  Hence  Jamaica,  St.  Domingo, 
Sumatra,  and  moft  other  intertropical  iflands, 
are  furnilhed  with  mountains,  from  which  pro- 
ceed the  breezes  by  which  they  are  refrefhed.* 


* Kirwan  on  Climates. 
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ESSAY  II. 

PART  IV. 

✓ 


Op  the  Use  of  the  Celestial  Globe. 

rTH£  celcflial  globe  is  an  artificial  repre- 

lentation  of  the  heavens,  having  the  fixed 

ftars  drawn  upon  it,  in  their  natural  order  and 
fituation. 


It  is  not  to  be  fuppofed  that  the  celeftial  globe 
is  fo  juft  a reprefentation  of  the  heavens  a°s  the 
terreflrial  globe  is  of  the  earth;  bccaufe  here  the 
, are  drawn  upon  a convex  furface,  whereas 
they  naturally  appear  in  a concave  one.  But  fun. 
pofe  the  globe  were  made  of  glafs,  then  to  an  eye 
Placed  in  the  center,  the  flats  which  are  drawn 
upon  it  would  appear  in  a concave  furface,  juft 
s they  do  in  the  heavens. 
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Or  if  the  reader  was  to  fuppofe  that  holes  were 
made  in  each  liar,  and  an  eye  placed  in  the  cen- 
ter of  the  globe,  it  would  view,  through  thofc 
holes,  the  fame  liars  in  the  heavens  that  they 
reprefent. 

As  the  terreftrial  globe,  by  turning  on  it’s  axis, 
reprefents  the  real  diurnal  motion  of  the  eartn ; fo 
the  cel e dial  globe,  by  turning  on  it’s  axis,  repre- 
fents the  apparent  diurnal  motion  oi  the  heavens. 

For  the  fake  of  perfpicuity,  and  to  avoid  con- 
tinual references,  it  will  be  neceffary  to  repeat 
here  fome  articles  which  have  been  already  men- 
tioned. 

The  ecliptic  is  that  graduated  circle  which 
croffes  the  equator  in  an  angle  of  about  23  \ de- 
grees,  and  the  angle  is  called  the  obliquity  of  the 

ecliptic. 

The  circle  is  divided  into  twelve  equal  parts,, 
confiding  of  30  degrees  each ; the  beginnings  of 
them  are  marked  with  charae.tr,,  reprcfentii.to 

the  twelve  ligns. 
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Aries  y\  Taurus  y,  Gemini  n,  Cancer  25, 
Leo  ft,  Virgo  it)),  Libra  =2=,  Scorpio  % 
oagittanus  J » Capricornus  ley,  Aquarius 
Prices  X- 

Upon  my  father’s  globes,  juft  under  the  eclip- 
tic,  the  months,  and  days  of  each  month,  are 

graduated,  for  the  readier  fixing  the  artificial  fun 

upon  it's  place  in  the  ecliptic. 


The  two  points  where  the  ecliptic  crofles  the 
equinoctial,  (the  circle  that  anfwers  to  the  equa- 
tor on  the  terrefl rial  globe)  are  called  the  equi- 
noctial points ; they  are  at  the  beginnings  of 
-nes  and  Libra,  and  arc  fo  called,  becaufe  when 
t e fun  is  in  either  of  them,  the  day  and  night  is 
every  where  equal. 


The  firft  points  of  Cancer  and  Capricorn  are 
called  folflitial  points ; becaufe  when  the  fun  ar- 
rives at  either  of  them,  he  feems  to  (land  in  a 
manner  ft, II  for  feveral  days , in  refpea  to  his 
d, fiance  from  the  equinoctial,  when  he  is  in  one 
folfhtial  point,  he  makes  to  us  the  longeft  davf 
'*hen  1,1  the  othcr,  the  longeft  night. 


The 
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The  latitude  and  longitude  of  ftars  are  deter- 
mined from  the  ecliptic. 

The  longitude  of  the  ftars  and  planets  is 
reckoned  upon  the  ecliptic  ; the  numbers  begin- 
ning at  the  firft  points  of  Aries  X,  where  the 
ecliptic  crofles  the  equator,  and  increafing  ac- 
cording to  the  order  of  the  ligns. 

Thus  fuppofe  the  fun  to  be  in  the  ioth  degree 
of  Leo,  we  fay,  his  longitude,  or  place,  is  four 
figns,  ten  degrees ; becaufe  he  has  already  paffed 
the  four  figns,  Aries,  Taurus,  Gemini,  Cancer, 
and  is  ten  degrees  in  the  fifth. 

The  latitude  of  the  ftars  and  planets  is  deter- 
mined by  their  diftance  from  the  ecliptic  upon  a 
fecondary  or  great  circle  paffing  through  it’s 
poles,  and  crofting  it  at  right  angles. 

i 

Twenty-four  of  thefe  circular  lines,  which  crofs 
the  ecliptic  at  right  angles,  being  fifteen  degrees 
from  each  other,  are  drawn  upon  the  furface  of 
our  celeftial  globe  ; which  being  produced  both 
ways,  thofe  on  one  fide  meet  in  a point  on  the 
northern  polar  circle,  and  thofe  on  the  other  meet 
in  a point  on  the  fouthern  polar  circle. 


' The 
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The  points  determined  by  the  meeting  of  thefe 
circles  are  called  the  poles  of  the  ecliptic,  one 
north,  the  other  l'outh. 

From  thefe  definitions  it  follows,  that  longi- 
tude and  latitude  on  the  celeftial  globe  bears  juft 
the  fame  relation  to  the  ecliptic,  as  they  do  on  the 
teireftrial  globe  to  the  equator. 

Thus  as  the  longitude  of  places  on  the  earth  is 
meafured  by  degrees  upon  the  equator,  counting 
from  the  firft  meridian ; fo  the  longitude  of  the 
heavenly  bodies  is  meafured  by  degrees  upon  the 
ecliptic,  counting  from  the  firft  point  of  Aries. 

And  as  latitude  on  the  earth  is  meafured  by 
degrees  upon  the  meridian,  counting  from  the 
equator  : fo  the  latitude  of  the  heavenly  bodies 
is  meafured  by  degrees  upon  a circle  of  longitude 
counting  either  north  orfouth  from  the  ecliptic.  ’ 

The  fun,  therefore,  has  no  latitude,  being  al- 
ways m the  ecliptic : nor  do  we  ufually  fpeak  of 
his  longitude,  but  rather  of  his  place  in  the  cclip- 
‘c,  exprefling  it  by  fuch  a degree  and  minute  of 

uc  1 a ign,  as  5 degrees  of  Taurus,  inftead  of 
35  degrees  of  longitude. 
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The  diftance  of  any  heavenly  body  from  the 
equinoctial,  meafurcd  upon  the  meridian,  is 
called  it’s  declination. 

Therefore,  the  fun’s  declination,  north  or 
fouth,  at  any  time,  is  the  fame  as  the  latitude  of 
the  place  to  which  he  is  then  vertical,  which  is 
never  more  than  23  * degiees.^ 

1 

Therefore  all  parallels  of  declination  on 
the  celeftial  globe  are  the  very  fame  as  parallels 
of  latitude  on  the  ter  reft  rial. 

Stars  may  have  north  latitude  and  fouth  decli- 
nation, and  vice  veifa. 

That  which  is  called  longitude  on  the  terreftrial 
globe,  is  called  right  ascension  on  the  ce- 
Icflial  ; namely,  the  fun  or  Pars  diftance  from  that 
meridian  which  paftes  through  the  firft  point  ot 
Aries,  counted  on  the  equinoctial. 

Aftronomers  alfo  fpeak  of  oblique  ascension 
and  descension,  by  which  they  mean  the 
diftance  of  that  point  of  the  equinodial  from  the 
fir  ft  point  of  Aries,  which  in  an  oblique  fphere 
rifes  or  fets,  at  the  fame  time  that  the  fun  or  Par 
rifes  01*  fets. 


/ 
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Ascensional  difference  is  the  difference  be- 
twixt right  and  oblique  afcenfion.  The  fun’s 
afcenfional  difference  turned  into  time,  is  juft  fo 
much  as  he  rifes  before  or  after  fix  o’clock. 

The  celeftiai  figns  and  conftellations  on  the 
furface  of  the  celeftiai  globe,  are  reprefented  by  a 
variety  of  human  and  other  figures,  to  which  the 
ftars  that  are  either  in  or  near  them,  are  referred. 

The  feveral  ly ft ems  of  ftars  which  are  applied 
to  thofe  images,  are  called  conftellations.  Twelve 
of  thefe  are  reprefented  on  the  ecliptic  circle,  and 
extend  both  northward  and  fouthward  from  it. 
So  many  of  thofe  ftars  as  fall  within  the  limits  of 
8 degrees  on  both  ftdes  of  the  ecliptic  circle,  to- 
gether with  fuch  parts  of  their  images  as  are  con- 
tained within  the  aforefaid  bounds,  conftitute  a 
kind  of  broad  hoop,  belt,  or  girdle,  which  is 
called  the  zodiac. 

The  names  and  the  refpeeftive  characters  of  the 
twelve  figns  of  the  ecliptic  may  be  learned  by 
infpeclion  on  the  furface  of  the  broad  paper  cir~ 
ch,  and  the  conftellations  from  the  globe  itfelf. 
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The  zodiac  is  reprefented  by  eight  circles 
parallel  to  the  ecliptic,  on  each  fide  thereof; 
thefe  circles  arc  one  degree  dill  ant  fiom  each 
other,  fo  that  the  whole  breadth  oi  the  zodiac  is 
16  degrees. 

Amongft  thefe  parallels,  the  latitude  of  the 
planets  is  reckoned;  and  in  their  appaient  mo- 
tion they  never  exceed  the  limits  of  the  zodiac. 

On  each  fide  of  the  zodiac,  as  was  obferved, 
other  conftellations  are  diftinguiftied  ; thole  on 
the  north  fide  are  called  northern,  and  thofe  on 
the  fouth  fide  of  it,  fouthern  conftellations. 

All  the  ftars  which  compofe  thefe  conftella- 
tions,  are  fuppofed  to  increafe  their  longitude 
continually  ; upon  which  luppontion,  tnc  whole 
flarry  firmament  has  a flow  motion  from  weft  to 
eaft ; infomuch  that  the  firft  ftar  in  the  conftella- 
tion  of  Aries,  which  appeared  in  the  vernal  inter- 
fection  of  the  equator  and  ecliptic  in  the  time  of 
Meton  the  Athenian,  upwards  ot  1900  years 
ago,  is  now  removed  about  30  degiccs  nom  it* 

O s 


To 
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To  REPRESENT  THE  MOTION  OF  THE  EQUINOC- 
TIAL POINTS  BACKWARDS,  OR  IN  ANTECEDENTS, 

upon  the  celestial  GLOBE,  elevate  the  north 
pole,  fo  that  it’s  axis  may  be  perpendicular  to 
the  plane  of  the  broad  paper  circle,  and  the  equa- 
tor w ill  then  be  in  the  fame  plane ; let  thefe 
reprefent  the  ecliptic,  and  then  the  poles  of1  the 
globe  will  alfo  reprefent  thofc  of  the  ecliptic;  the 
ecliptic  line  upon  the  globe  will  at  the  fame  time 
reprefent  the  equator,  inclined  in  an  angle  of 
23!  degrees  to  the  broad  paper  circle,  now 
called  the  ecliptic,  and  cutting  it  in  two  points, 
which  are  called  the  cquino&ial  interfeCtions. 

Now  if  you  turn  the  globe  flovvly  round  upon 
it’s  axis  from  ealt  to  well,  while  it  is  in  this  po- 
rtion, thefe  points  of  interfeCtion  will  move 
round  the  fame  way ; and  the  inclination  of  the 
circle,  which  in  fhewing  this  motion  reprefcnts 
the  equinoctial,  will  not  be  altered  by  fuch  a 
revolution  ot  the  interfering  or  equinoctial 
points.  This  motion  is  called  the  preceffion  of 
the  equinoxes,  becaufe  it  carries  the  equinoctial 
points  backwards  amongft  the  fixed  ftars. 


The  poles  of  the  world  feem  to  defcribe  a cir- 
cle from  ealt  to  weft,  round  the  poles  of  the 
ecliptic,  arifing  from  the  preceffion  of  the 

I)  d 2 equinox. 
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equinox.  It  is  a very  How  motion,  for  the  equi- 
noctial points  take  up  72  years  to  move  one  de- 
gree, and  therefore  they  are  25,920  years  in 
defcribing  360  degrees,  or  completing  a revolu- 
tion. 

This  motion  of  the  poles  is  eafily  reprefented 
by  the  above-defcribed  poiition  oi  the  globe,  in 
which,  if  the  reader  remembers,  the  broad  paper 
circle  reprefents  the  ecliptic,  and  the  axis  of  the 
globe  being  perpendicular  thereto,  reprefents  the 
axis  of  the  elliptic;  and  the  two  points,  where 
the  circular  lines  meet,  will  now  reprefent  the 
poles  of  the  world,  whence  as  the  globe  is  flowly 
turned  from  eaft  to  wed,  thefe  points  will  revolve 
the  fame  way  about  the  poles  of  the  globe,  which 
are  here  fuppofed  to  reprefent  the  poles  ot  the 
ecliptic.  The  axis  of  the  world  may  revolve  as 
above;  although  it’s  fituation,  with  reipecl  to  the 
ecliptic,  be  not  altered  fertile  points  here  fup- 
pofed to  reprefent  the  poles  of  the  world,  will 
always  keep  the  fame  di dance  from  the  broad 
paper  circle,  which  reprefents  the  ecliptic  in 
this  dtuation  of  the  globe.* 


From 
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i'rom  the  different  degrees  of  brightnefs  in  the 
ffars,  fome  appear  to  be  greater  than  others,  or 
nearer  to  us ; on  our  celeftial  globe  they  are 
diftinguifhed  into  feven  different  magnitudes. 


( 422  } 


OF  THE 


USE  OF  THE  CELESTIAL  GLOBE* 


IN  THE  SOLUTION  OF 

PROBLEMS  RELATIVE  TO  THE  SUN, 


EVERY  thing  that  relates  to  the  fun  is 
of  fuch  importance  to  man,  that  in  all 
things  he  claims  a natural  preheminence.  The 
fun  is  at  once  the  mod  beautiful  emblem  of  the 
Supreme  Being,  and,  under  his  influence,  the 
foftering  parent  of  worlds  ; being  prefent  to  them 
by  his  rays,  cheering  them  by  his  countenance, 
cherifhing  them  by  his  heat,  adorning  them  at 
each  returning  fpring  with  the  gayeft  and  ncheft 
attire,  illuminating  them  with  his  light,  and 
feeding  the  lamp  ol  life. 


To 
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To  the  ancients  he  was  known  under  a variety 
of  names,  each  charadleriftic  of  his  different 
effeds ; he  was  their  Hercules,  the  great  de- 
liverer, the  rdiorer  of  light  out  of  darknefs,  the 
dilpcnfer  of  good,  continually  labouring  for  the 
happinefs  of  a depraved  race.  He  was  the  Mi- 
thra  of  the  Perfians,  a word  derived  from  love, 
or  mercy,  becaufe  the  whole  world  is  cherifhed 
by  him,  and  feels  as  it  were  the  effects  of  his 
love. 

In  the  facred  feriptures,  the  original  fource  of 
all  emblematical  writings,  our  Lord  is  called  our 
fun,  and  the  fun  of  righteoufnefs  ; and  as  there  is 
but  one  fun  in  the  heavens,  fo  there  is  but  one 
tiue  God,  the  maker  and  redeemer  of  all  things. 

O J 

the  light  of  the  underffandmg,  and  the  life  of  the 

foul. 


As  in  feripture  our  God  is  fpoke  of  as  a fhield 
and  buckler,  fo  the  fun  is  characterized  by  this 
mark  o reprefenting  a fhield  or  buckler,  the 
middle  point  the  umbo,  or  hofs . for  it  is  love, 

or  life,  which  alone  can  protect  from  fear  and 

death. 


His  celertial  rays,  like  thofe  of  the  fun,  take 
their  circuit  round  the  earth  ; there  is  no  corner 
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of  it  fo  remote  as  to  be  without  the  reach  of  their 
vivifying  and  penetrating  power.  As  the  mate- 
rial light  is  always  ready  to  run  it’s  heavenly  race, 
and  daily  iffues  forth  with  renewed  vigour,  like 
an  invincible  champion,  hill  frefh  to  labour;  fo 
likewife  did  our  redeeming  God  rejoice  to  run 
his  glorious  race,  he  excelled  in  flrcngth,  and 
triumphed,  and  continues  to  triumph  over  all 
the  powers  of  darknefs,  and  his  ever  mamfefting 
himfelf  as  the  deliverer,  the  protector,  the  friend, 
and  father  of  the  human  race,  * 

PROBLEM  L. 

To  rectify  the  celeftial  globe. 

To  rectify  the  celeftial  globe,  is  to  put  it  in 
that  pofition  in  which  it  may  reprefent  exactly 
the  apparent  motion  of  the  heavens. 

In  different  places,  that  pofition  will  vary,  and 
that  according  to  the  different  latitude  of  the 
places. 

Therefore,  to  re 61  i fy  for  any  place,  find  firk, 
by  the  terreffrial  globe,  the  latitude  of  that  place. 

The 
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The  latitude  of  the  place  being  found  in  de- 
grees, elevate  the  pole  of  the  celcftial  globe  the 
fame  number  of  degrees  and  minutes  above  the 
plane  of  the  horizon,  for  this  is  the  name  given 
to  the  broad  paper  circle,  in  the  ufe  of  the  ce- 
lcftial globe. 

Thus  the  latitude  of  London  being  51  \ degrees, 
let  the  glooe  be  moved  till  the  plane  of  the  hori- 
zon cuts  the  meridian  in  that  point. 

The  next  rectification  is  for  the  fun’s  place, 
which  may  be  performed  as  dire&ed  in  pr.  xxix  ; 
or  look  lor  the  day  of  the  month  clofe  under  the 
ecliptic  line,  againft  which  is  the  fun’s  place, 
place  the  artificial  fun  over  that  point,  then  bring 
the  fun’s  place  to  the  graduated  edge  of  the  ftrong 
biazen  meridian,  and  fet  the  hour  index  to  the 
moft  elevated  twelve. 

Thus  on  the  24th  of  May  the  fun  is  in  3 1 de- 
grees of  Gemini,  and  is  fituated  near  the  bull’s 
eye  and  the  leven  ftars  which  are  not  then  vifible, 
on  account  of  his  fuperior  light.  If  the  fun  were  on 
that  day  to  fuller  a total  eclipfe,  thefe  ftars  would 

men  be  ieen  Ihining  with  their  accuftomed 
brightnefs. 


Laftly, 
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Lafily,  fet  the  meridian  of  the  globe  north 
and  fouth,  by  the  compafs. 

And  the  globe  will  be  rectified,  or  put  into  a 
fimilar  pofition,  to  the  concave  furface  of  the 
heavens,  for  the  given  latitude. 

/ 

PROBLEM  LI. 

To  find  the  declination  of  the  fun  for  any  given 
day  in  the  year. 

Seek  the  day  of  the  month  clofe  under  the 
ecliptic  line,  againfl  which  is  the  fun’s  place; 
bring  that  point  under  the  ftrong  brafs  meridian, 
and  the  degree  that  hands  over  it  is  the  fun’s  de- 
clination for  that  day. 

Thus  on  the  23d  of  May  the  fun’s  declination, 
will  be  about  23  deg.  10  min. ; and  upon  the 
23d  of  Auguft  it  will  be  1 1 deg.  13  min. 


PROBLEM 
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PROBLEM  LIT. 

To  find  the  fun’s  right  afcenfion. 

The  right  afcenfion  of  the  fun,  See.  is  an  arch 
of  the  equinoctial  contained  between  the  begin- 
ning ot  Aries,  and  that  point  of  it  which  comes 
to  the  meridian  with  it. 

Therefore,  bring  the  fun’s  place  to  the  me- 
ridian, and  that  point  of  the  equinoctial  which  is 
under  the  meridian  will  ihew  the  fun’s  right  af- 
cenfion. 

Thus  on  the  nth  of  May  the  right  afcenfion 
will  be  found  to  be  47  deg.  10  min. 

By  the  two  la  ft  problems,  we  fee  that  the  right 
afcenfion  and  declination  is  found  after  the  fame 
manner  as  the  longitude  and  latitude  of  a place 
upon  the  terreftrial  globe. 

Bring  the  fun’s  place  to  the  weftern  edge  of  the 
horizon,  and  the  degree  of  the  equator,  cut  by 
the  horizon,  is  his  oblique  defeenfion  ; carry  him 
jound  to  the  eaftern  fide,  and  you  will  there  find 
his  oblique  afcenfion. 


PROBLEM 
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PROBLEM  LIII. 

% 

The  latitude  of  the  place  and  the  fun’s  place  being 
given,  to  find  the  fun's  amplitude. 

That  degree  from  the  eaft  or  weft  in  the  hori- 
zon, wherein  any  objcfl  rifes  or  fets,  is  called  the 
amplitude. 

Rectify  the  globe  to  the  latitude  of  the  place, 
and  bring  the  fun’s  place  to  the  eaftern  fide  of  the 
meridian,  and  the  arch  of  the  horizon  intercepted 
between  that  point  and  the  eaftern  p hnt,  will  be 
the  fun’s  amplitude  at  riling. 

If  the  fame  point  be  brought  to  the  weftern  fide 
of  the  horizon,  the  arch  of  the  horizon  inter- 
cepted between  that  point  and  the  weftern  point, 
will  be  the  fun’s  amplitude  at  fetting. 

Thus  on  the  24th  of  May  the  fun  rifes  at  four, 
with  36  degrees  of  eaftern  amplitude,  that  is,  36 
degrees  from  the  call  towards  the  north,  and  fets 
at  eight,  with  36  degrees  of  weftern  amplitude. 

1 

The  amplitude  of  the  fun  at  riling  and  fetting 
increafes  with  the  latitude  of  the  place;  and  in 

very  high  northern  latitudes,  the  lun  fcarce  fets 

before 
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before  he  rifes  again.  Homer  had  heard  fome- 
thing  of  this,  though  it  is  not  true  of  the 
Laeflrygones,  to  whom  he  applies  it. 

Six  days  and  nights  a doubtful  courfe  we  fleer;  1 
The  next,  proud  Lamos’  lofty  towers  appear,  )> 
And  Laeftrygonia’s  gates  arife  diffindl  in  air. 

Ihe  fhepherd  quitting  here  at  night  the  plain. 
Calls,  to  fucceed  his  cares,  the  watchful  fvvain. 
But  he  that  fcorns  the  chains  of  fleep  to  wear. 
And  adds  the  herdfman’s  to  the  fhepherd ’scare. 
So  near  the  paflures,  and  fo  fliort  the  way,  1 
His  double  toils  may  claim  a double  pay,  >* 

And  join  the  labours  of  the  night  and  day. 

PROBLEM  LIV. 

To  find  the  fun’s  altitude  at  any  given  time  of  the 

day. 

Set  the  center  of  the  artificial  fun  to  his  place 
in  the  ecliptic  upon  the  globe,  and  rectify  it  to  the 
latitude  and  zenith  ; bring  the  center  of  the  arti- 
ficial fun  under  the  firong  brafs  meridian,  andfet 
the  hour  index  to  that  XII  which  is  mod  elevated ; 
turn  the  globe  to  the  given  hour,  and  move  the 
graduated  edge  of  the  quadrant  to  the- center  of 
uie  artificial  fun  ; and  that  degree  on  the  quadrant 

which 
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which  is  cut  by  the  fun’s  center,  is  the  fun’s  height 
at  that  time. 

The  artificial  fun  being  brought  under  the 
ftrong  brafs  meridian,  and  the  quadrant  laid  upon 
it’s  center,  will  (hew  it’s  meridian,  or  greatefi: 
altitude,  for  that  day. 

If  the  fun  be  in  the  equator,  his  greatefi:  or  me- 
ridian altitude  is  equal  to  the  elevation  of  the 
equator,  which  is  always  equal  to  the  co-latitude 
of  the  place. 

Thus  on  May  24,  at  nine  o’clock,  the  fun  has 
about  44  degrees  of  altitude;  and  at  fix  in  the 
evening  of  the  fame  day,  his  altitude  will  be 
about  20  degrees. 

Or  TIIE  AZIMUTHAL,  OR  VERTICAL  CIRCLES* 

The  vertical  point,  that  is,  the  uppermoft 
point  of  the  celeftial  globe,  reprefents  a point  in 
the  heavens,  direcfidy  over  our  heads,  which  is 
called  our  zenith. 

% 

From  this  point  circular  lines  may  be  con- 
ceived eroding  the  horizon  at  right  angles. 

Thefe 
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Thefe  are  called  azimuth  or  vertical  cir- 
cles. That  one  which  erodes  the  horizon  at 
jo  deg.  didance  from  the  meridian  on  either 
fide,  is  called  an  azimuth  circle  of  10  deg. ; that 
which  erodes  at  20,  is  called  an  azimuth  of 
20  deg. 

The  azimuth  of  90  deg.  is  called  the  prime 
vertical  : it  erodes  the  horizon  at  the  eaftern 
and  weftern  points. 

Any  azimuth  circle  may  be  reprefented  by 
the  graduated  edge  of  the  brafs  quadrant  of  alti- 
tude, when  the  center  upon  which  it  turns  is 
ferewed  to  that  point  of  the  firong  brafs  meri- 
dian which  anfwers  to  the  latitude  of  the  place, 

and  the  place  is  brought  into  the  zenith.  See 
prob.  xxx. 

If  the  faid  graduated  edge  fhould  lie  over  the 
fun  s center  or  place,  at  any  given  time,  it  will 
reprefent  the  fun’s  azimuth  at  that  time. 

If  the  graduated  edge  be  fixed  at  any  point,  fo 
as  to  reprefent  any  particular  azimuth,  and  the 
fun's  place  be  brought  there,  the  horary  index 
will  fhew  at  what  time  of  that  day  the  fun  will  be 
m that  particular  azimuth. 


v 
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Here  it  may  be  obferved,  that  the  amplitude 
and  azimuth  are  much  the  fame. 

* * 

The  amplitude  {hewing  the  bearing  of  any 
objeeft  when  it  rises  or  sets,  from  the  east  and 
west  points  of  the  horizon. 

The  azimuth  the  bearing  of  any  objeft  when  it 
is  above  the  horizon,  either  from  the  north 
or  south  points  thereof.  Thefe  deferiptions 
and  illufi: rations  being  underflood,  we  may  pro- 
ceed to 


PROBLEM  LV. 

The  latitude,  the  fun’s  place,  and  his  altitude, 
being  given  ; to  find  the  hour  of  the  day,  and 
the  fun’s  azimuth  from  the  meridian. 

Having  rectified  the  globe  for  the  latitude,  the 
zenith,  and  the  fun’s  place,  turn  the  globe  and 
the  quadrant  of  altitude,  fo  that  the  fun  s place 
may  cut  the  given  degree  of  altitude  : then  the 
index  will  fhew  the  hour,  and  the  quadrant  will 
cut  the  azimuth  in  the  horizon,  d hus,  if  at 
London,  on  the  21ft  of  Auguft,  the  fun  s altitude 

be  36  deg.  in  the  forenoon,  the  hour  of  the  clay 

will 
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Vv ill  be  IX,  and  the  fun’s  azimuth  about  5 8 deg. 
from  the  fouth  part  of  the  meridian. 

PROBLEM  LYT. 

The  latitude,  hour  of  the  day,  and  the  fun’s  place 
being  given,  to  find  the  fun’s  altitude  and  azi- 
muth. 

Rectify  the  globe  for  the  latitude,  the  zenith, 
and  the  fun’s  place,  then  the  number  of  degrees 
contained  betwixt  the  fun’s  place  and  the  vertex, 
is  the  fun’s  meridional  zenith  difiance;  the  com- 
plement of  which  to  90  deg.  is  the  fun’s  meri- 
dian altitude.  If  you  turn  the  globe  about  until 
the  index  points  to  any  other  given  hour,  then 
bringing  the  quadrant  of  altitude  to  cut  the  fun’s 
place,  you  will  have  the  fun’s  altitude  at  that 
hour  ; and  where  the  quadrant  cuts  the  horizon, 
is  the  fun’s  azimuth  at  the  fame  time.  Thus 

May  the  ift  at  London,  the  funs  meridian  aiti- 

* 

tude  will  be  53I  deg. ; and  at  10  o’clock  in  the 
morning,  the  fun’s  altitude  will  be  46  deg.  and 
his  azimuth  about  46  deg.  from  the  fouth  part 
of  the  meridian. 


E e 
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PROBLEM  LVII. 

The  latitude  of  the  place,  and  the  day  of  the 
month  being  given ; to  find  the  depreffion  of 
the  fun  below  the  horizon,  and  the  azimuth  at 
any  hour  of  the  night. 

Having  rectified  the  globe  for  the  latitude, 
the  zenith,  and  the  fun’s  place,  take  a point  in 
the  ecliptic  exactly  oppofite  to  the  fun’s  place, 
and  find  the  fun’s  altitude  and  azimnth,  as  by 
the  laft  problem,  and  thefe  will  be  the  depreffion 
and  the  altitude  required. 

Thus  if  the  time  given  be  the  i ft  of  Novem- 
ber, at  io  o'clock  at  night,  the  depreffion  and 
azimuth  will  be  the  fame  as  was  found  in  the  laft 
problem. 


PROBLEM  LVIII. 

The  latitude,  the  fun’s  place,  and  his  azimuth 
being  given,  to  find  his  altitude,  and  the  hour. 

Rectify  the  globe  for  the  latitude,  the  zenith, 
and  the  fun’s  place  ; then  put  the  quadrant  of 
altitude  to  the  fun’s  azimuth  in  the  horizon,  and 
turn  the  globe  till  the  fun’s  place  meets  the  edge 
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of  the  quadrant,  then  the  faid  edge  will  fhew  the 
altitude,  and  the  index  point  to  the  hour. 

Thus,  May  21ft,  at  London,  when  the  fun  is 
due  call,  his  altitude  will  be  about  24  degrees, 
and  the  hour  about  Vil  in  the  morning ; and 
when  his  azimuth  is  60  degrees  fouth-wefterly, 

I the  altitude  will  be  about  44  \ degrees,  and  the 
hour,  about  2 I in  the  afternoon. 

Thus  the  latitude  and  the  day  being  known, 
land  having  befidcs  either  the  altitude,  the  azi~ 

' nuith*  or  the  hour,  the  other  two  may  be  eafily 

found. 


problem  lix. 

IThe  latitude,  the  funs  altitude,  and  his  azimuth 

being  given,  to  find  his  place  in  the  ecliptic, 
and  the  hour, 

Rcdi fy  the  globe  for  the  latitude  and  zenith, 
and  fet  the  edge  of  the  quadrant  to  the  given 
Bzimuth  j then  turning  the  globe  about,  that 
•point  of  the  ecliptic  which  cuts  the  altitude,  will 
PC  the  funs  place.  Keep  the  quadrant  of  alti- 
in  the  lame  poiition,  and  having  brought 
e fun’s  place  to  the  meridian,  and  the  hour  in- 

E e 2 dex 
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dex  to  1 2 at  noon,  turn  the  globe  about  till  the 
fun’s  place  cuts  the  quadrant  of  altitude,  and 
then  the  index  will  point  the  hour  of  the  day. 

PROBLEM  LX. 

The  declination  and  meridian  altitude  of  the  fun, 
or  of  any  ftar  being  given,  to  find  the  latitude 
of  the  place. 

Mark  the  point  of  declination  upon  the  me- 
ridian, according  as  it  is  either  north  or  fouth 
from  the  equator  ; then  Hide  the  meridian  up  or 
down  in  the  notches,  till  the  point  of  declination 
be  fo  far  diftant  from  the  horizon,  as  is  the  given 
meridian  altitude  ; that  elevation  of  the  pole  will 
be  the  latitude. 

Thus  if  the  fun’s,  or  any  ftar’s  meridian  alti- 
tude be  50  degrees,  and  it’s  declination  be  11  \ 
degrees  north,  the  latitude  will  be  5 1 \ degrees 
north. 


I'ROBLE> 
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problem  ixr. 

To  find  the  length  of  any  day  in  the  year,  in  any 
latitude,  not  exceeding  66  ~ degrees. 

Elevate  the  celedial  globe  to  the  latitude,  and 
fet  the  center  of  the  artificial  fun  to  his  place 
upon  the  ecliptic  line  on  the  globe  for  the  given 
■ day,  and  bring  it's  center  to  the  ftrong  brafs  me- 
ridian, placing  the  horary  index  to  that  XII 
which  is  mod  elevated  ; then  turn  the  globe  till 
! the  artificial  fun  cuts  the  eaftern  edge  of  the 
horizon,  and  the  horary  index  will  fhew  the  time 
of  fun -riling  • turn  it  to  the  wedern  fide,  and  you 
obtain  the  hour  of  fun-fettino-. 

The  length  of  the  day  and  night  will  be  ob- 
tained, by  doubling  the  time  of  fun-riling  and 
1 letting,  as  before. 

problem  lxii. 

To  find  the  length  of  the  longed  and  fhorteft 

days  m any  latitude  that  does  not  exceed  66  r 

degrees.  1 

Eievate  the  globe  according  to  the  latitude, 

P acc  the  center  of  the  artificial  fun  for  the 

^ e 3 longed 
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longeft  day  upon  the  firft  point  of  Cancer,  but 

for  the  Ihorteft  day  on  the  firft  point  of  Capri- 

0 

corn,  then  proceed  as  in  the  laft  problem. 


But  if  the  place  hath  fouth  latitude,  the  fun  is 
in  the  firft  point  of  Capricorn  on  their  longeft 
day,  and  in  the  firft  point  of  Cancer  on  their 
fhorteft  day. 


PROBLEM  LXIII. 

To  find  the  latitude  of  a place,  in  which  it’s 
longeft  day  may  be  of  any  given  length  between 
twelve  and  twenty-four  hours. 

Set  the  artificial  fun  to  the  firft  point  of  Cancer; 
bring  it’s  center  to  the  ftrong  brafs  meridian, 
and  fet  the  horary  index  to  XII ; turn  the  globe 
till  it  points  to  half  the  number  of  the  given  hours 
and  minutes ; then  elevate  or  deprefs  the  pole, 
till  the  artificial  fun  coincides  with  the  horizon, 
and  that  elevation  of  the  pole  is  the  latitude 
required. 


PROBLEM 
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P R 0 B L E M LX  IV. 

To  find  the  time  of  the  fun’s  riling  and  fetting, 
the  length  of  day  and  night,  on  any  place 
whole  latitude  lies  between  the  polar  circles  ; 
and  alfo  the  length  of  the  Ihortefl  day  in  any  of 
thofe  latitudes,  and  in  what  climate  they  are. 

Rectify  the  globe  to  the  latitude  of  the  given 
place,  and  bring  the  artificial  fun  to  his  place  in 
the  ecliptic  for  the  given  day  of  the  month;  and 
then  bring  it’s  center  under  the  ftrong  brafs  me- 
ridian, and  fet  the  horary  index  to  that  XII  which 
is  molt  elevated. 

Then  bring  the  center  of  the  artificial  fun  to 
the  eafiern  part  of  the  broad  paper  circle,  which 
m this  cafe  reprefents  the  horizon,  and  the  horary 
index  (hews  the  time  of  the  fun-rifing;  turn  the 
artificial  fun  to  the  weltern  fide,  and  the  horary 
index  will  Ihew  the  time  of  the  fun-fetting. 

Double  the  time  of  fun-rifing  is  the  length  of 
the  night,  and  the  double  of  that  of  fun-fettino-  [s 
the  length  of  the  day.  & 

Thus  on  the  5th  day  of  June,  the  fun  rifes  at 
3 h.  4o  min.  and  fets  at  8 h.  so  min. ; by 

E c 4 doubling 
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doubling  each  number  it  will  appear,  that  the 
length  of  this  day  is  i6h.  40  min.  and  that  of 
the  night  7 h.  20  min. 

The  longeft  day  at  all  places  in  north  latitude, 
is  when  the  fun  is  in  the  firft  point  of  Cancer. 
And, 

The  longed  day  to  thofe  in  fouth  latitude,  is 
when  the  fun  is  in  the  firfl  point  of  Capricorn. 

Wherefore,  the  globe  being  rectified  as  above, 
and  the  artificial  fun  placed  to  the  firft  point  of 
Cancer,  and  brought  to  the  eaftern  edge  of  the 
broad  paper  circle,  and  the  horary  index  being 
fet  to  that  XII  which  is  moft  elevated,  on  turn- 
ing the  globe  from  eaft  to  weft,  until  the  artificial 
fun  coincides  with  the  weftern  edge,  the  number 
of  hours  counted,  which  are  palfed  over  by  the 
horary  index,  is  the  length  of  the  longeft  day  ; 
their  complement  to  twenty-four  hours  gives  the 
length  of  the  fhorteft  night. 

If  twelve  hours  be  fubt rafted  from  the  length 
of  the  longeft  day,  and  the  remaining  hours 
doubled,  you  obtain  the  climate  mentioned  by 
ancient  hi ftorians  : and  if  you  take  half  the  cli- 
mate, and  add  thereto  twelve  hours,  you  obtain 

the 
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the  length  of  the  longeft  day  in  that  climate 
this  holds  good  lor  every  climate  between  thf* 
polar  circles. 

A climate  is  a fpace  upon  the  furface  of  the 
earth,  contained  between  two  parallels  of  latitude, 
fo  far  dillant  from  each  other,  that  the  longeft 
day  in  one,  differs  half  an  hour  from  the  longeft 
day  in  the  other  parallel. 

PROBLEM  1XV. 

I he  latitude  of  a place  being  given  in  one  of  the 
polar  circles,  (luppofe  the  northern)  to  find 
what  number  of  days  (of  24  hours  each)  the 
fun  doth  conftantly  fliine  upon  the  fame,  how 

long  he  is  abfent,  and  alfo  the  firft  and  laft  day 
of  his  appearance. 

Having  rectified  the  globe  according  to  the 
latitude,  turn  it  about  until  fome  point  in  the 
firll  quadrant  of  the  ecliptic  (becaufe  the  latitude 
is  north)  intellects  the  meridian  in  the  north 
point  of  the  horizon ; and  right  againft  that  point 
of  the  ecliptic,  on  the  horizon,  Hands  the  day  of 
the  montji  when  the  longeft  day  begins. 


And 
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And  if  the  globe  be  turned  about  till  fome 
point  in  the  fecond  quadrant  of  the  ecliptic  cuts 
the  meridian  in  the  fame  point  of  the  horizon,  it 
will  Ihew  the  fun’s  place  when  the  longed:  day 
ends,  whence  the  day  of  the  month  may  be 
found,  as  before ; then  the  number  of  natural 
days  contained  between  the  times  the  longed  day 
begins  and  ends,  is  the  length  of  the  longed:  day 
required. 

Again,  turn  the  globe  about,  until  fome  point 
in  the  third  quadrant  of  the  ecliptic  cuts  the  me- 
ridian in  the  fouth  par l ot  tin  hoiizonj  that 
point  of  the  ecliptic  will  give  the  time  when  the 
longed  night  begins. 

Ladly,  turn  the  globe  about,  until  fome  point 
in  the  fourth  quadrant  of  the  ecliptic  cuts  the 
meridian  in  the  fouth  point  of  the  horizon  ; and 
that  point  of  the  ecliptic  will  be  the  place  of  the 
fun  when  the  longed  night  ends. 

i 

Or,  the  time  when  the  longed  day  or  night 
begins,  being  known,  their  end  may  be  found  by 
counting  the  number  of  days  from  that  time  to 
the  fuccecding  foldice ; then  counting  the  fame 
number  of  days  from  the  folditial  day,  will  give 
the  time  when  it  ends. 

Or 
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Of  the  Equation  of  Time. 


It  is  not  poflible  in  a treatife  of  this  kind  to 
entei  into  a difquifition  of  the  nature  of  time.  It 
is  lufficient  to  obferve,  that  if  we  would  with 
exaetnefs  efiimate  the  quantity  of  any  portion  of 
infinite  duration,  or  convey  an  idea  of  the  fame 
to  others,  we  make  ufe  of  fuch  known  mcafures 
as  have  been  originally  borrowed  from  the  mo- 
tions of  the  heavenly  bodies.  It  is  true,  none  of 
thefe  motions  are  exadtly  equal  and  uniform,  but 
are  fubjcdl  to  fome  fmall  irregularities,  which, 
tnough  of  no  confequence  in  the  affairs  of  civil 
life,  muft  be  taken  into  the  account;  in  afiro- 
nomical  calculation,  there  are  other  irregularities 
of  more  importance,  one  of  which  is  the  in- 
equality  of  the  natural  day. 


It  is  a consideration  that  cannot  be  reflected 
upon  without  furprize,  that  wherever  we  look  for 
commenfurabilities  and  equalities  in  nature,  we 
are  always  difappointed.  The  earth  is  fpherical, 
but  not  perfectly  fo;  the  fummer  is  unequal, 
when  compared  with  the  winter;  the  ecliptic 
difagrees  with  the  equator,  and  never  cuts  it 
twice  in  the  lame  equinoctial  point.  The  orbit 

0 thc  caith  has  an  eccentricity  more  than  double 
in  proportion  10  the  Iphcroidity  of  its  globe;  no 

number 
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number  of  the  revolutions  of  the  moon  coincide 
with  any  number  of  the  revolutions  of  the  earth 
in  it’s  orbit : no  two  of  the  planets  meafure  one 
another : and  thus  it  is  wherever  we  turn  our 
thoughts,  fo  different  are  the  views  of  the  Creator 
from  our  narrow  conception  of  things ; where  we 
|ook  for  commenfuration,  we  find  variety  and 

infinity. 

Thus  ancient  aftronomers  looked  upon  the  mo- 
tion of  the  fun  to  be  fufficiently  regular  for  the 
menfu ration  of  time  ; but  by  the  accurate  obser- 
vations of  later  aftronomers,  it  is  found  that  nei- 
ther the  days,  nor  even  the  hours,  as  meafured  by 
the  fun’s  apparent  motion,  are  of  an  equal  length 
on  two  accounts. 

ift,  A natural  or  folar  day  of  24  hours,  is  that 
fpace  of  time  the  fun  takes  up  in  pafling  from 
any  particular  meridian  to  the  fame  again  ; and 
one  revolution  of  the  earth,  with  refpebl  to  a fixed 
liar,  is  performed  in  23  hours,  56  minutes, 
4 feconds ; therefore,  the  unequal  progrefiion  of 
the  earth  through  her  elliptical  orbit,  (as  fhe 
{akes  almoft  eight  days  more  to  run  through  the 
northern  half  of  the  ecliptic,  than  {he  does  to  pafs 
through  the  fouthern)  is  the  reafon  that  the  length 

of  the  day  is  not  exactly  equal  to  the  time  in 

which 
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w liich  the  earth  performs  its  rotation  about  it’s 
axis. 


2dly,  From  the  obliquity  of  the  ecliptic  to  the 

equator,  on  which  laft  we  meafure  time  ; and  as 
equal  portions  of  one  do  not  correfpond  to  equal 
poitions  ol  the  other,  the  apparent  motion  of  the 
fun  would  not  be  uniform ; or,  in  other  words, 
ihofe  points  of  the  equator  which  come  to  the  me- 
ridian, with  the  place  of  the  fun  on  different  days, 
would  not  be  at  equal  di fiances  from  each  other. 


problem  lxvj. 

To  illuffrate,  by  the  globe,  the  caufes  of  the 
equation  of  time. 

This  laft  is  eafily  feet,  upon  the  globe,  by 
bnngtng  every  tenth  degree  of  the  ecliptic  to  the 
graduated  fide  of  the  ftrong  brafs  meridian,  and 
you  w.l  find  that  each  tenth  degree  on  rhe  equa. 
tor  vvftlnot  come  thither  with  it,  but  in  the  fol 
lowmg  order  from  T to  05,  every  [emh  dcgrec 

the  ecliptic  comes  fooner  to  the  ftrong  brafs 
men  tan  than  their  correfponding  xoths  on  the 
quatorithofein  the  fecond  quadrant  of  the 

I f 1 fr°m  22  come  later,  from  * to 

ooncr,  and  Iron,  Vf  to  Aries  later,  whilft  thofe 
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at  the  beginning  of  each  quadrant  come  to  thd 
meridian  at  the  fame  time  ; therefore  the  fun  and 
clock  would  be  equal  at  thefe  four  times,  if  the 
fun  was  not  longer  in  palling  through  one-half  of 
the  ecliptic  than  the  other,  and  the  two  in- 
equalities joined  together,  compofe  that  differ- 
ence which  is  called  the  equation  of  time. 

Thefe  caufes  are  independent  of  each  other, 
fometimes  they  agree,  and  at  other  times  are  con- 
trary to  one  another. 

The  inequality  of  the  natural  day  is  the  caufe 
that  clocks  or  watches  are  fometimes  before, 
fometimes  behind  thelun. 

A good  and  well-regulated  clock  goes  uniformly 
on  throughout  the  year,  fo  as  to  mark  the  equal 
hours  of  a natural  day,  of  a mean  length  : a fun- 
dial  marks  the  hours  of  every  day  in  fuch  a 
manner,  that  every  hour  is  a 24th  part  01  the  time 
between  the  noon  of  that  day,  and  the  noon  of 
the  day  immediately  following,  f he  time  mca- 
fured  by  a clock  is  called  equal  or  true  time,  that 
meafured  by  the  fun-dial  apparent  time. 


Of 
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Of  the  Use  of  the  Celestial  Globe,  iN 
Problems  relative  to  tiie  Planets. 

The  fituation  of  the  fixed  Pars  being  always 
the  tame  with  refpect  to  one  another,  they  have 

their  proper  places  afiigned  to  them  on  the 
globe. 


But  to  the  planets  no  certain  place  can  be 
afiigned,  their  fituation  always  varying. 

That  fPacc  in  the  heavens,  within  the  compafs 
of  which  the  planets  appear,  is  called  the  zodiac. 

The  latitude  of  the  planets  fcarce  ever  exceed- 
ing S degrees,  the  zodiac  is  faid  to  reach  about 
8 degrees  on  each  fide  of  the  ecliptic. 

Upon  the  celeftial  globe,  on  each  fide  of  the 
ecliptic,  are  drawn  eight  parallel  circles,  at  the 
difiancc  of  one  degree  from  each  other,  including 

l paCe  ° . 1 6 dcSrccs  s tflefe  are  eroded  at  right 
ngles,  with  fegments  of  great  circles  at  every 

£h  degree  of  the  ecliptic;  by  thefe,  the  place  of 

an«  on  the  globe,  on  any  given  day,  may  be 
“icertained  with  accuracy  ' > 

4 # 
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PROBLEM  LXVIIi 

To  find  the  place  of  any  planet  upon  the  globe* 
and  by  that  means  to  find  it’s  place  in  the  hea- 
vens ; alio,  to  find  at  what  hour  any  planet 
will  rife  or  fet,  or  be  on  the  meridian,  on  any 
day  in  the  year. 

Re&ify  the  globe  to  the  latitude  and  fun's 
place,  then  find  the  planet’s  longitude  and  latitude 
in  an  ephemeris,  and  fet  the  graduated  edge  of 
the  moveable  meridian  to  tnc  given  longuude  in 
the  ecliptic,  and  counting  fo  many  degrees 
amongft  the  parallels  in  the  zodiac,  either  above 
or  below  the  ecliptic,  as  her  latitude  is  north  or 
fouth  ; and  fet  the  center  artificial  fun  to  that 
point,  and  the  center  will  reprefent  the  place  of 
the  planet  for  that  time. 

Or  fix  the  quadrant  of  altitude  over  the  pole  of 
the  ecliptic,  and  holding  the  globe  faft,  bring  the 
edge  of  the  quadrant  to  cut  the  given  degree  of 
longitude  on  the  ecliptic ; then  feek  the  given 
latitude  on  the  quadrant,  and  the  place  under  it 
is  the  point  fought. 


While 
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While  the  globe  moves  about  it’s  axis,  this 
point  moving  along  with  it  will  rcprefent  the 
planet  s motion  in  the  heavens.  If  the  planet  be 
brought  to  the  ealtern  fide  of  the  honzon  the 
horary  index  will  (hew  the  time  of  it’s  rifing.  If 
the  artificial  fun  is  above  the  horizon,  the  planet 
will  not  be  vifible  : when  the  planet  is  under  the 
ftrong  brazen  meridian,  the  hour  index  ihews  the 
time  it  will  be  on  that  circle  in  the  heavens: 
when  it  is  at  the  w'eflern  edge,  the  time  of  it’s 
fetting  will  be  obtained. 


PROBLEM  LX  VI II. 

To  find  diredtly  the  planets  which  are  above  the 

horizon  at  fun-fet,  upon  any  given  day  and 
latitude. 

Find  the  fun’s  place  for  the  given  day,  bring  it 
to  the  meridian,  fct  the  hour  index  to  XII,  and 
elevate  the  pole  for  the  given  latitude:  then 
bring  the  place  of  the  fun  to  the  wefiern  femi- 
circle  of  the  horizon,  and  obferve  what  figns  are 
in  that  part  of  the  ecliptic  above  the  horizon, 
then  calf  your  eye  upon  the  ephemeris  for  that 
ttionth,  and  you  will  at  once  fee  what  planets 
pofTefs  any  of  thofc  elevated  figns ; for  fuch  will 
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be  vifiblc,  and  fit  for  obfervation  on  the  night  or 
that  day. 

PROBLEM  LXIX. 

To  find  the  right  afcenfion,  declination,  ampli- 
tude, azimuth,  altitude,  hour  of  the  night. 
See,  of  any  given  planet,  for  a day  ot  a month 
and  latitude  given. 

Re&ify  the  globe  for  the  given  latitude  and 
day  of  the  month ; then  find  the  planet’s  place, 
as  before  direded,  and  then  the  right  afcenfion, 
declination,  amplitude,  azimuth,  altitude,  hour, 
&c.  are  all  found,  as  direded  in  the  problems 
for  the  fun  s there  being  no  difference  m the 
procefs,  no  repetition  can  be  neceflary. 
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Of  the  Use  of  the  Celestial  Globe,  in 
Problems  relative  to  the  Moon. 

From  the  fun  and  planets  we  now  proceed  to 
thofe  problems  ••  that  concern  the  moon,  the 
brilliant  fatellite  of  our  earth,  which  every  month 
enriches  it  with  it’s  prefence  ; by  the  mildnefs  of 
it  s light  foftening  the  darknefs  of  night ; by  it’s 
influence  affefting  the  tide ; and  by  the  variety 

of  it  s afpects,  offering  to  our  view  fome  very  re- 
markable phenomena* 

As  the  orbit  of  the  moon  is  conftantly  varying 
in  it's  polition,  and  the  place  of  the  node  always 
changing,  as  her  motion  is  even  variable  in  every 
part  of  her  orbit,  the  folution  of  the  problems 
which  relate  to  her,  are  not  altogether  fo  fimple 
as  thofe  which  concern  the  fun. 

. The  moon  increafes  her  longitude  in  the  eclip- 
tic every  day,  about  13  degrees,  10  minutes,  by 
whtch  means  Ihe  crolTes  the  meridian  of  any  place 
*bout  50  minutes  later  than  Ihe  did  the  preceding 

Thus  if  on  any  day  at  noon  her  place  (Iongi- 
ude)  be  in  the  12th  degree  of  Taurus,  it  will 

Ff  2 
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be  13  deg.  10  min.  more,  or  25  deg.  10  min. 
in  Taurus  on  the  fucceeding  noon. 

It  is  new  moon  when  the  fun  and  moon  have 
the  fame  longitude,  or  are  in  or  near  the  fame 
point  of  the  ecliptic. 

When  they  ha-ve  oppofite  longitudes,  or  are  in 
oppofite  points  of  the  ecliptic,  it  is  full  moon. . 

To  afcertain  the  moon’s  place  with  accuracy, 
we  mull  recur  to  an  ephemeris  ; but  as  even  in 
moll  ephemerides  the  moon  s place  is  only  fhewn 
at  the  beginning  of  each  day,  or  XII  o clock  at 
noon,  it  becomes  neceffary  to  iupply  by  a table 
this  deficiency,  and  afiign  thereby  her  place  for 
any  intermediate  time. 

In  the  nautical  ephemeris,  publifhed  under 
the  authority  of  the  Board  of  Longitude,  we 
have  the  moon’s  place  for  noon  and  midnight, 
with  rules  for  accurately  obtaining  any  interme- 
diate time;  but  as  this  ephemeris  may  not 
always  be  at  hand,  we  (hall  infert,  from  Mr. 
Martin’s  treatife  on  the  globes,  a table  for  finding 
the  hourly  motion  of  the  moon.  In  order,  how- 
ever, to  ufe  this  table,  it  will  be  necelfary  firft  to 

find  the  quantity  of  the  moon’s  diurnal 

motion 
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motion  in  the  ecjliptjc,  for  any  given  day 
for  the  quantity  of  the  moon’s  diurnal  motion 
varies  from  about  1 1 deg.  46  min.  the  lead,  to 

15  deg.  16  min.  when  greatell. 

The  following  tables  are  calculated  from  the 
ieaft  of  1 1 deg.  46  min.  to  thogreateft  of  15  deg, 

16  min.  every  column  being  increafing  jq 
minutes;  upon  the  top  of  the  column  is  the 
quantity  of  the  diurnal  motion,  and  on  the  fide  of 
the  table  are  the  24  hours,  by  which  means  it 
will  beeafy  to  find  what  part  of  the  diurnal  mo- 
tion of  the  moon  anfwers  to  any  given  number  of 
hours. 

Thus  fuppofe  the  diurnal  motion  to  be  12  32, 
look  on  the  top  column  for  the  number  nearell 
to  it,  which  you  will  find  to  be  12  36,  in  the 
fixth  column;  and  under  it,  againft  9 hours, 
you  will  find  4 deg.  43  min.  which  is  her  mo- 
tion in  the  ecliptic  in  the  fpace  of  9 hours  for  that 
day.  The  quantity  of  the  diurnal  motion  for 
any  day  is  found  by  taking  the  difference  be- 
tween  it  and  the  preceding  day. 


Ff3 


Thus 
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Thus  let  the  diurnal  motion  for  the  nth  of 
May,  1787,  be  required. 

SICKS.  » t 0.  MIN. 

On  the  1 ith  of  May  her  place  was  1 1 235 

On  the  1 oth  of  May  - 10  19  47 

The  diurnal  motion  fought  12  48 


tables 
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tables 

For  finding  the  Hourly  Motion  of  the 
Moon,  and  thereby  her  true  Place 
at  any  Time  of  the  Day. 


table  L 
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The  moon’s  path  may  be  reprefented  on  the 
globe  in  a very  pleafing  manner,  by  tying  a lilken 
line  over  the  furfaceof  the  globe,  exactly  on  the 
ecliptic ; then  finding,  by  an  ephemeris,  the 
place  of  the  nodes  for  the  given  time,  confine- 
the  filk  at  thefe  two  points,  and  at  90  degrees- 
diftance  from  them  elevate  the  line  about  51 
deg.  from  the  ecliptic,  and  deprefs  it  as  much 
on  the  other,  and  it  will  then  reprefent  the  lunar 
orbit  fgr  that  day. 

PROBLEM  LXX. 

lo  find  the  moon’s  place  in  the  ecliptic,  for  any 
given  hour  of  the  day. 

Firft,  without  an  ephemeris,  only  knowing 
the  age  of  the  moon,  which  may  be  obtained  from 
every  common  almanack. 

Elevate  the  north  pole  of  the  ccleflial  globe  to 
90  degrees,  and  then  the  equator  will  be  in  the 
plane  of,  and  coincide  with  the  broad  paper  cir- 
cle ; bring  the  firfi  point  of  Aries,  marked  7"  on 
the  globe,  to  the  day  of  the  new  moon  on  the  faid 
broad  paper  circle,  which  anfwers  to  the  fun’s 
place  for  that  day ; and  the  day  of  the  moon’s 
age  will  hand  again!!  the  lign  and  degree  of  the 

moon's 
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moon’s  mean  place;  to  which  place  apply  a 
fmall  patch,  to  reprefent  the  moon. 

But  if  you  are  provided  with  an  ephemeris,* 
that  will  give  the  moon’s  latitude  and  place  in 
the  ecliptic  ; firft  note  her  place  in  the  ecliptic 
upon  the  globe,  and  then  counting  fo  many  de- 
grees amongft  the  parallels  in  the  zodiac,  either 
above  or  below  the  ecliptic,  as  her  latitude  is 
north  or  fouth  upon  the  given  day,  and  that  will 
be  the  point  which  reprefents  the  true  place  of  the 
moon  for  that  time,  to  which  apply  the  artificial 
fun,  or  a fmall  patch. 

Thus  on  the  nth  of  May,  1787,  fhe  was  at 
noon  in  2 deg.  3 5 min.  of  Pifces,  and  her  lati- 
tude was  4 deg.  18  min. ; but  as  her  diurnal  mo- 
tion for  that  day  is  1 2 48  in  nine  hours,  fhe 
will  have  patted  over  4 deg.  47  min.  which  added 
to  her  place  at  noon,  gives  7 h.  22  m.  for  her 
place  on  the  1 ith  of  May,  at  nine  at  night. 


PROBLEM 


* The  nautical  almanack  is  the  bell  Englifh  ephemeris. 


OF  THE  GLOBES. 


459 


PROBLEM  LXXI. 

To  find  the  moon’s  declination  for  any  given 

day  or  hour. 

The  place  in  her  orbit  being  found,  by  prob, 
lxx.  bring  it  to  the  brazen  meridian ; then  the 
arch  of  the  meridian  contained  between  it  and 
the  equino&ial,  will  be  the  declination  fought. 

P R 0 B L E M LXXI1. 

To  find  the  moon’s  greateft:  and  leaft  meridian 
altitudes  in  any  given  latitude,  that  of  London 
for  example. 

i 

It  is  evident,  this  can  happen  only  when  the 
afcending  node  of  the  moon  is  in  the  vernal 
equinox ; for  then  her  greateft  meridian  altitude 
will  be  5 deg.  greater  than  that  of  the  fun,  and 
therefore  about  67  deg. ; alfo  her  leaft  meridian 
altitude  will  be  5 deg.  lefs  than  that  of  the  fun, 
and  therefore  only  10  deg. : there  will  therefore 
be  57  deg.  difference  in  the  meridian  altitude  of 
ihe  moon ; whereas  that  of  the  fun  is  but  47  deg. 
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N.  B.  When  the  fame  afcending  node  is  in 
the  autumnal  equinox,  then  will  her  meridian 
altitude  differ  by  only  37  deg. ; but  this  phe- 
nomenon can  feparately  happen  but  once  in  the 
revolution  of  a node,  or  once  in  the  fpace  of 
nineteen  years : and  it  will  be  a pleafant  enter- 
tainment to  place  the  fiiken  line  to  crofs  the 
ecliptic  in  the  equinoctial  points  alternately ; for 
then  the  reafon  will  more  evidently  appear,  why 
you  obferve  the  moon  fometimes  within  23  deg. 
of  our  zenith,  and  at  other  times  not  more  than 
10  deg.  above  the  horizon,  when  fhe  is  full  fouth. 


PROBLEM  LXXIH. 

To  illuflrate,  by  the  globe,  the  phenomenon  of 
the  harveft  moon. 

About  the  time  of  the  autumnal  equinox, 
when  the  moon  is  at  or  near  the  full,  fhe  is  ob- 
ferved  to  rife  almoft  at  the  fame  time  for  feveral 
nights  together ; and  this  phenomenon  is  called 

the  HARVEST  MOON. 

• t 

This  circumdance,  with  which  farmers  were 

better  acquainted  than  aftronomers,  till  within 

thcfe  few  years,  they  gratefully  afcribcd  to  the 

t-oodnefs  of  God,  not  doubting  that  he  had 
b ordered 
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ordered  it  on  purpofe  to  give  them  an  immediate 
fupply  of  moon-light  after  fun-fct,  for  their 
greater  conveniency  in  reaping  the  fruits  of  the 
earth. 

In  this  inftance  of  the  harveft  moon,  as  in 
many  others  difcoverable  by  agronomy,  the 
wifdom  and  beneficence  of  the  Deity  is  confpi- 
cuous,  who  really  fo  ordered  the  courfe  of  the 
moon,  as  to  beftow  more  or  lefs  light  on  all  parts 
of  the  earth,  as  their  feveral  circumflances  and 
feafons  render  it  more  or  lefs  ferviceable.* 

About  the  equator,  where  there  is  no  variety  of 
feafons,  moon-light  is  neceffary  for  gathering  in 
the  produce  of  the  ground  ; and  there  the  moon 
rifes  about  50  minutes  later  every  day  or  night 
than  on  the  former. 

At  confiderable  diftances  from  the  equator, 
where  the  weather  and  feafons  are  more  uncertain, 
the  autumnal  full  moons  rife  at  fun-fet  from  the 
find  to  the  third  quarter. 

At  the  poles,  where  the  fun  is  for  half  a year 
abfent,  the  winter  full  moons  fhine  conftantly 

without 

* F cr Jufon’s  Aflronomy. 
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without  letting*  from  the  firlt  to  the  third 
quarter^ 

» 

But  this  obfervation  is  flill  further  confirmed, 
when  we  confider  that  this  appearance  is  only  pe- 
culiar with  refpect  to  the  full  moon,  from  which 
only  the  farmer  can  derive  any  advantage  ; for  in 
every  other  month,  as  well  as  the  three  autumnal 
ones,  the  moon,  for  feveral  days  together,  will 
vary  the  time  of  it’s  rifing  very  little ; but  then  in 
the  autumnal  months  this  happens  about  the  time 
when  the  moon  is  at  the  full ; in  the  vernal 
months,  about  the  time  of  new  moon  ; in  the 
winter  months,  about*  the  time  of  the  fir  ft  quar- 
ter; and  in  the  fummer  months,  about  the  time 
of  the  laid  quarter. 

Thefe  phenomena  depend  upon  the  different 
angles  made  by  the  horizon,  and  different  parts 
of  the  moon’s  orbit,  and  that  the  moon  can  be 
full  but  once  or  twice  in  a year,  in  thole  parts  of 
her  orbit  which  rife  with  the  leaft  angles. 

The  moon’s  motion  is  lb  nearly  in  the  ecliptic* 
that  we  may  confider  her  at  prefent  as  moving  in 
it. 


The 
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The  different  parts  of  the  ecliptic,  on  account 
of  it’s  obliquity  to  the  earth’s  axis,  make  very 
different  angles  with  the  horizon  as  they  rife  or 
fet.  Thofe  parts,  or  figns,  which  rife  with  the 
fmalleft  angles,  fet  with  the  greateft,  and  vice 
verfa.  In  equal  times,  whenever  this  angle  is 
leaft,  a greater  portion  of  the  ecliptic  rifes,  than 
when  the  angle  is  larger. 

This  may  be  feen,  by  elevating  the  globe  to  any 
confiderable  latitude,  and  then  turning  it  round 
\t's  axis  in  the  horizon. 

% 

When  the  moon,  therefore,  is  in  thofe  figns 
which  rife  or  fet  with  the  fmalleft  angles,  fhe 
will  rife  or  fet  with  the  leaf!  difference  of  time, 
and  with  the  greateft  difference  in  thofe  figns 
which  rife  or  fet  with  the  greateft  angles. 


Thus  in  the  latitude  of  London,  at  the  time 
of  the  vernal  equinox,  when  the  fun  is  fetting  in. 
the  weftern  part  of  the  horizon,  the  ecliptic  then 
makes  an  angle  of  62  deg.  with  the  horizon  ; but 
when  the  fun  is  in  the  autumnal  equinox,  and 
fating  in  the  fame  weftern  part  of  the  horizon, 
the  ecliptic  makes  an  angle  but  of  15  deg.  with 
the  horizon ; all  which  is  evident  by  a bare  in- 
fpeftion  of  the  globe  only. 


Again, 
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Again,  according  to  the  greater  or  lefs  inclina- 
tion of  the  ecliptic  to  the  horizon,  fo  a greater  or 
Ids  degree  of  motion  of  the  globe  about  it’s  axis 
will  be  neceffary  to  caufe  the  fame  arch  of  the 
ecliptic  to  pafs  through  the  horizon ; and  con- 
fequently  the  time  of  it’s  paffage  will  be  greater 
or  lefs,  in  the  fame  proportion  ; but  this  will  be 
beft  illuftrated  by  an  example. 


Therefore,  fuppofe  the  fun  in  the  vernal  equi- 
nox,  redify  the  globe  for  the  latitude  of  London, 
. and  place  of  the  fun ; then  bring  the  vernal 
equinox,  or  fun's  place,  to  the  weftern  edge  of 
the  horizon,  and  the  hour  index  will  point  pre- 
cifely  to  VI ; at  which  time,  we  will  alio  fuppofe 
the  moon  to  be  in  the  autumnal  equinox,  and 
•confequently  at  full,  and  riling  exactly  at  the 

time  of  fun-fet. 


But  on  the  following  day,  the  fun,  being  ad- 
vanced fcarcely  one  degree  in  the  ecliptic,  will 
.fet  again  very  nearly  at  the  fame  time  as  bdore ; 
but  the  moon  will,  at  a mean  rate,  in  the  ipace 
of  one  day,  pafs  over  13  deg.  in  her  orbit;  and 
therefore,  when  the  fun  fets  in  the  evening  after 
the  equinox,-  the  moon  will  be  below  the  horizon, 
a*id  the  globe  muft  be  turned  about  till  13  deg. 

of  Libra  come  up  to  the  edge  of  the  horizon, 

and 
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and  then  the  index  will  point  to  7 h.  16  m.  the 
time  of  the  moon’s  riling,  which  is  an  hour  and 
l after  fun-fet  far  dark  night.  The  next  day  fal- 
lowing, there  will  be  2 { hours,  and  fo  on  fuc- 
cellively,  with  an  increafe  of  1 \ h.  dark  night  each 
evening  refpedtively,  at  this  feafon  of  the  year  ; 
all  owing  to  the  very  great  angle  which  the  eclip- 
tic makes  with  the  horizon  at  the  time  of  the 
moon’s  riling. 

On  the  other  hand,  fuppofe  the  fun  in  the  au  - 
tumnal equinox,  or  beginning  of  Libra,  and  the 
moon  oppofite  to  it  in  the  vernal  equinox,  then 
the  globe  (rectified  as  before)  being  turned  about 
till  the  fun’s  place  comes  to  the  weftern  edge  of 
the  horizon,  the  index  will  point  to  VI,  for  the 
time  of  his  fatting,  and  the  riling  of  the  full 
moon  on  that  equinoctial  day.  On  the  following 

day,  the  fun  will  fet  nearly  at  the  lame  time;  but 
the  moon  being  advanced  (in  the  24  hours)  1 
deg.  in  the  ecliptic,  the  globe  mull  be  turned 
about  till  that  arch  of  the  ecliptic  fha.ll  afeend 
the  horizon,  which  motion  of  the  globe  will  be 
very  little,  as  the  ecliptic  now  makes  lb  final!  an 
angle  with  the  horizon,  as  is  evident  by  the  index, 
which  now  points  to  VI  h.  17  deg.  for  the  time 
of  the  moon’s  rifingon  the  fecond  day,  which  is 
but  about  l of  an  hour  after  fun-fat.  The  third 
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day,  the  moon  will  rife  within  l an  hour  ; on  the 
iourth,  within  \ ot  an  hour,  and  fo  on  ; To  that  it 
will  be  near  a week  before  the  nights  will  be  an 
hour  without  illumination  ; and  in  greater  lati- 
tudes, this  difference  will  be  hill  greater,  as  you 
will  eafily  find  by  varying  the  cafe,  in  the  praftice 
of  this  celebrated  problem,  on  the  globe. 

This  phenomenon  varies  in  different  years ; 
the  moon’s  orbit  being  inclined  to  the  ecliptic 
about  5 degrees,  and  the  line  ol  the  nodes  con- 
tinually moving  retrograde,  the  inclination  of  her 
orbit  to  the  equator  will  be  greater  at  fomc  fea- 
fons  than  it  is  at  others,  which  prevents  her 
haffening  to  the  northward,  or  defc  ending  fouth- 
ward,  in  each  revolution,  with  an  equal  pace. 


Of 
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Of  the  Tides. 

A tide  is  that  motion  of  the  water  in  the  fea 
and  rivers,  by  which  they  are  found  regularly  to 
rife  and  fall. 

The  general  caufe  of  the  tides  was  difcovered 
by  Sir  Ifaac  Newton,  and  are  deduced  from  the 
following  confiderations. 

Wefind,  byconftant  experience,  that  all  bodies 
fall  down  to  the  earth’s  furface  in  perpendicular 
lines;  and  as  lines  perpendicular  to  the  furface  of 
a fphere,  tend  towards  the  center,  therefore  the 
lines,  along  which  all  heavy  bodies  fall,  are  di- 
rected towards  the  earth’s  center. 

1 

As  thcfe  bodies  apparently  fall  by  their  weight 
or  gravity,  the  law  by  which  they  fall  is  called 
the  law  of  gravitation. 


Now  as  bodies,  by  their  gravity,  fall  towards 
®e  caixh,  it  has  not  been  deemed  improper  to 

. ly’  ! St  the  carth  at[ra&  thofe  bodies,  and 
nerefore,  ,n  refpedl  to  the  earth,  the  word  gra- 
itation  and  attraction  may  be  ufed  one  for 
e °t‘  er,  as  by  them  is  meant  no  more  than  the 

G g 2 power. 
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power,  or  law,  by  which  bodies  tend  towards  it's 
center. 

Sir  Ifaac  Newton,  by  a fagacity  peculiar  to 
himfelf,  difeovered  from  many  obfervations, 
that  this  law  of  gravitation  or  attraction  was  uni- 
verfally  diffufed  throughout  the  folar  fyftem,  and 
that  the  regular  motions  obferved  among  the 
heavenly  bodies,  were  governed  by  the  fame 
principle ; fo  that  the  earth  and  moon  attracted 
each  other,  and  were  both  of  them  attracted  by 
the  fun.  Alfo,  that  the  force  of  attraction,  ex- 
erted by  thefe  bodies  one  on  the  other,  was  lefs 
as  the  diflance  increafed,  in  proportion  to  thq 
fquares  of  thole  diftanecs. 

It  is  not  in  the  motion  of  the  celeflial  bodies 
only,  that  the  cffeCts  of  this  mutual  gravitation  is 
vifible  ; we  are  now  to  explain  by  the  fame  pim- 
ciple,  a phenomenon  which  palfes  upon  the 
earth,  the  ebbing  and  flowing  ol  thefea. 

As  the  earth  is  attracted  by  the  fun  and  moon, 
the  parts  of  the  earth  will  not  gravitate  towards 
it’s  center  in  the  fame  manner  as  if  thofe  parts 
were  not  affeCted  by  fuch  attractions. 


It 
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It  is  alfo  very  evident,  that  if  the  earth  was  en- 
thely  flee  fiom  thefe  actions  of  the  fun  and  moon, 
the  oceans  would  then  be  equally  attracted  to- 
wards it’s  center,  on  all  tides,  by  the  force  of  gra- 
vity, and  would  continue  in  perfedt  ftagnation, 
without  ever  ebbing  or  flowing. 


But  as  the  ocean  is  not  free  from  thefe  adlions, 
it  mu  ft  needs  rife  higher  in  thofc  places  where 
the  lun  and  moon  diminifh  it’s  gravity,  or  where 
the  lun  and  moon  have  the  greateft  attraction. 

As  the  force  of  gravity  will  be  moil  diminiflied 
in  thofc  parts  of  the  earth  where  her  attraction  is 
moft  powerful,  (which  muft  be  when  fhe  is  near- 
eft  to,  or  in  the  zenith  of  thofe  places)  the  waters 
m thofe  parts  will  rife  higheft,  and  it  will  be  full 
sea,  or  flood,  in  fuch  places. 

The  parts  of  the  earth  diretflly  under  the  moon, 
and  thofe  alfo  in  their  nadir,  or  fuch  places  al 
are  diametrically  oppofite  to  thofe  where  the 
moon  is  in  the  zenith,  will  have  the  flood,  or 
mgh  water,  at  the  fame  time. 


For  either  hemifphcre  of  the  earth  would  gra- 

fLl  f ^ t0Wards  thc  ot!l«  half,  were  they 
rom  a,i  external  attraction. 

GS3  But 
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But  by  the  adtion  of  the  moon,  the  gravitation 
of  one  hemifphere  towards  the  center  is  diminifli- 
ed,  and  that  of  the  other  is  increafed. 

Now  in  the  hemifphere  next  the  moon,  the 
parts  in  the  zenith  being  moft  attraBed,  and 
thereby  their  gravitation  towards  the  earth’s  cen- 
ter diminifhed  ; confequentiy,  the  waters  in  thofe 
parts  muft  be  higher  than  in  any  other  part  of  this 

hemifphere. 

But  in  the  hemifphere  which  is  moft  remote 
from  the  moon,  the  nadir,  or  moft  diftant  point, 
being  lefs  attracted  by  the  moon  than  thofe  parts 
that  are  nearer,  is  left  as  it  were  behind,  while 
all  the  other  parts,  and  even  the  center  itfclt,  is 
more  attraBed  towards  her,  and  confequentiy  -the 
water  will  be  higher  in  that  point  than  at  any 
other  part  ol  this  hemifpheie. 

The  two  middle  points  will  therefore  be  higheft 
in  their  refpedive  hemilpheres ; the  one  being 
really  more  elevated,  the  other  lefs  depressed 
by  the  moon's  attraction,  than  the  adjacent  parts. 


Thofe 
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1 hofc  parts  of  the  earth  where  the  moon  appears 
in  the  horizon,  or  is  90  degrees  diftant  from 
the  zenith  and  nadir,  will  have  the  ebbs  or 
lowed  waters. 

For  as  the  waters  in  the  zenith  and  nadir  rife 
at  the  fame  time,  the  waters  in  their  neighbour- 
hood will  prefs  towards  thofe  places,  to  maintain 
the  equilibrium;  and  to  fupply  the  place  of  thefe, 
others  will  move  the  fame  way,  and  fo  on  to 
places  at  90  degrees  diftant  from  the  zenith  and 
nadir;  confequently,  in  thofe  places  where  the 
moon  appears  in  the  horizon,  the  waters  will 
have  more  liberty  to  defeend  towards  the  center, 
and  therefore  in  thofe  places  they  will  be  the 
lowed. 

Hence  it  plainly  follows,  that  if  the  furface  of 
the  earth  was  covered  with  water,  it  would  put 
on  a fpheroidal,  or  egg-like  figure,  whofe  longed 
diameter  would  pafs  through  the  place  where  the 
moon  is  vertical,  and  the  fhorteft  diameter  will 
be  where  die  is  in  the  horizon  ; and  as  the  moon 
apparently  fhifted  her  pofition  from  eaft  to  weft, 
to  going  round  the  earth  every  day,  the  longer 
diameter  of  the  fpheroid  would  follow  her  mo- 
tl0n>  and  thus  occafion  the  two  floods  and  ebbs 

obfervable 
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obfervable  in  about  every  25  hours,  which  is 
about  the  length  ol  a lunar  day. 

Hence  in  any  place,  the  greater  the  moon  s 
mid-day  altitude,  the  greater  the  evening  tides 
will  be  ; and  the  greater  the  midnight  depreffion, 
the  greater  the  tides  will  be. 

The  fummer  evening  and  the  winter  morning 
tides  arc  higheft,  becaufe  the  moon’s  fummer 
altitude,  and  winter  depreffion,  aie  gmateff, 
efpecially  when  her  declination  is  north  in  fum- 
mer,' and  fouth  in  winter. 

The  time  of  high  water  is  not  precifely  at  the 
time  of  the  moon’s  coming  to  the  meridian, 
but  about  an  hour  or  two  alter. 

For 'the  moon  acts  with  fome  force  after  ffie  has 
pa  ft  the  meridian,  and  thereby  adds  to  the  libra- 
rion,  or  waving  motion,  which  (he  has  put  the 
water  into,  whilft  (lie  was  in  the  meridian,  in  the 
fame  manner  as  a fmall  force  applied  upwards 
to  a ball  already  railed  to  fome  height,  will  raife 
it  Hill  higher. 


The 
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The  tides  are  greater  than  ordinary  twice  every 
month,  that  is,  about  the  times  of  new  and 
full  moon;  they  are  called  spring  tides. 

For  at  thefe  times  the  actions  of  both  fun  and 
moon  concur  to  draw  in  the  fame  right  line; 
and  therefore  the  fea  mult  be  mod  elevated.  In 
conjunction,  or  when  the  fun  and  moon  are  on 
the  fame  fide  of  the  earth,  they  both  confpire  to 
raife  the  water  in  the  zenith,  and  confequently  in 
the  nadir.  And  when  the  fun  and  moon  are  in 
oppoiition,  that  is,  when  the  earth  is  between 
them,  whilft  one  makes  high  water  in  the  zenith 
and  nadir,  the  other  does  the  fame  in  the  nadir 
and  zenith. 

Ihe  tides  are  lefs  than  ordinary  twice  every 
month,  that  is,  about  the  times  of  the  firfland 
lail  quarters  of  the  moon  ; and  thefe  are  called 

NEAP  TIDES. 

Becaule  in  thefe  quarters  of  the  moon,  the  fun 
raifes  the  waters  where  the  moon  depreffes  it ; 
and  depreffes  where  the  moon  raifes  ; fo  that  the 

tides  are  made  only  by  the  difference  of  their 
actions. 


It 
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It  is  to  be  obferved,  that  the  fpring  tides  do 
not  happen  dire&Iy  on  the  new  and  full  moons, 
but  rar'ner  a day  or  two  after,  when  the  action  of 
the  fun  and  moon  have  confpired  together  for  a 
considerable  time.  In  like  manner,  the  neap 
tides  happen  a day  or  two  after  the  quarters. 

When  the  moon  is  in  her  perigaeum,  or  nearefl 
approach  to  the  earth,  the  tides  increafe  more  in 
the  famecircumftanccs  than  at  other  times. 

The  fpring  tides  are  greatefl  about  the  times  of 
the  equinoxes,  that  is,  about  the  latter  end  of 
March  and  September,  than  at  any  other 
times  of  the  year,  and  the  neap  tides  are  the 
lefs. 

Becaufc  the  longer  diameter  of  the  fpheroid 
will  at  that  time  be  in  the  earth’s  equator,  and 
confequently  deferibe  a great  circle  ol  the  earth, 
by  whofe  diurnal  rotation  the  floods  will  move 
fvvifter,  as  deferibing  a great  circle  in  the  fame 
time  they  ufed  to  deferibe  a leffer  circle,  by 
which  means  the  waters  will  be  thrown  more 
forcibly  again!!  the  ihores,  and  mud  rife  higher. 

The  circumftances  hitherto  explained,  would 

always  take  place,  if  the  whole  furface  of  the 

earth 


2 


earth  was  covered  with  Tea  ; but  fince  it  is  not  fo, 
there  arife  a great  many  different  appearances, 
which  require  particular  (elutions,  in  which  the 
fftuarion  of  the  (hores,  &c.  muff  be  confidered 
for  thefe,  we  muff  refer  the  reader  to  larger 
works  on  affronomv. 

J 

Small  inland  leas,  fuch  as  the  IVXedi terra nean 
and  the  Baltic,  are  but  little  fubjed  to  tides ; be- 
caufe  the  aft  ion  ot  the  fun  and  moon  is  nearly 
equal  at  both  extremities.  In  very  high  latitudes 
the  tides  are  alfo  very  inconliderable  ; for  the  fun 
and  moon  always  acting  near  the  equator,  and 
railing  the  water  towards  the  torrid  zone,  the 
neighborhood  of  the  poles  muff  be  confequentlv 
deprived  of  thole  waters,  and  the  fea  muff  be 
low,  relative  to  other  parts. 

P R O B L E M LXXIV. 

lo  find  w7hat  azimuth  the  moon  is  upon  at  any 
place  when  it  is  flood,  or  high  water;  and 
thence  the  high  tide  for  any  day  of  the  moon's 
age  at  the  fame  place. 

Having  obferved  the  hour  and  minute  of  high 
water,  about  the  time  of  new  or  full  moon,  rectify 
the  globe  to  the  latitude  and  fun’s  place ; find  the 
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moon’s  place  and  latitude  in  an  ephemeris,  to 
which  fet  the  artificial  moon/  and  fcrevv  the  qua- 
drant of  altitude  in  the  zenith  j turn  the  globe  till 
the  horary  index  points  to  the  time  of  flood,  and 
lay  the  quadrant  over  the  center  of  the  artificial 
moon,  and  it  will  cut  the  horizon  in  the  point  of 
the  compafs  upon  which  the  moon  was,  and  the 
degrees  on  the  horizon  contained  between  the 
firong  brafs  meridian  and  the  quadrant,  will  be 
the  moon’s  azimuth  from  the  fouth. 

To  find  the  time  of  high  water  at  the  fame  place* 

Rectify  the  globe  to  the  latitude  and  zenith, 
find  the  moon’s  place  by  an  ephemeris  for  the 
given  day  of  her  age,  or  day  of  the  month,  and 
fet  the  artificial  moon  to  that  place  in  the  zodiac  ; 
put  the  quadrant  of  altitude  to  the  azimuth  before 
found,  and  turn  the  globe  till  the  artificial  moon 
is  under  it’s  graduated  edge,  and  the  horary  index 
will  point  to  the  time  of  the  day  on  which  it  will 
be  high  water. 


The 


* Or  patch  rcprefcntlng  the  moon. 
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The  Use  of  the  Celestial  Globe  in  the 
Solution  of  Problems  ascertaining  the 
Places  and  visible  Motions  or  Orbits 
of  Comets.* 

There  is  another  clafs,  or  fpecies  of  planets, 
which  are  called  comets.  Thefe  move  round 
the  fun  in  regular  and  hated  periods  of  times  in 
the  fame  manner,  and  from  the  fame  caufc,  as 
the  re ll  of  the  planets  do  ; that  is,  by  a centri- 
petal force,  every  where  dccreafing  as  the  fquares 
of  the  diftances  increafe,  which  is  the  general  law 
of  the  whole  planetary  fyftem.  But  this  centri- 
petal force  in  the  comets  being  compounded  with 
the  projectile  force,  in  a very  different  ratio  from 
that  which  is  found  in  the  planets,  caufes  their 
orbits  to  be  much  more  ecliptical  than  thofe  of 
the  planets,  which  areal  molt  circular. 

But  whatever  may  be  the  form  of  a comet’s 
oibit  in  reality,  their  geocentric  motions,  or  the 
appai  ent  paths  which  they  defcribe  in  the  heavens 
among  the  fixed  Bars,  will  always  be  circular, 
and  therefore  may  be  fhewn  upon  the  furface  of  a 
celdnal  globe,  as  well  as  the  motions  and  places 
of  any  of  the  reft  of  the  planets. 


To 

* Martin’s  Defcription  and  ITe  of  the  Globes. 
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To  give  an  inftance  of  the  cometary  praxis  on 
the  globe,  we  fhall  chufe  that  comet,  for  thefub- 
jebt  of  thefe  problems,  which  made  it’s  appear- 
ance at  Boh  on,  in  New  England,  in  the  months 
of  Obtober  and  November,  1758,  in  it's  return  to 
the  fun  ; after  which,  it  approached  fo  near  the 
fun,  as  to  fet  heliacal ly,  or  to  be  loll  in  it’s 
beams  for  fome  time,  fpent  in  paffing  the  peri- 
helion. Then  afterwards  emerging  from  the 
folar  rays,  it  appeared  retrograde  in  it’s  courfe 
from  the  fun  towards  the  latter  end  of  March, 
and  fo  continued  the  whole  month  of  April,  and 
part  of  May,  in  the  Wed  Indies,  particularly  in 
Jamaica,  whofe  latitude  rendered  it  vifible  in 
thofe  parts,  when  it  was,  for  the  greateft  part  of 
the  time,  invifiblc  to  us,  by  reafon  of  it’s  fouth- 
ern  courfe  through  the  heavens. 

When  two  obfervations  can  be  made  of  a 
comet,  it  will  be  very  cafy  to  aftign  it’s  courfe, 
or  mark  it  ©ut  upon  the  furface  of  the  celeftial- 
globe.  Thefe,  with  regard  to  the  above-men- 
lioned  comet,  we  have,  and  they  are  fufficient  for 
our  purpofe  in  regard  to  the  folution  of  cometary 

problems. 

By  an  obfervation  made  at  Jamaica  on  the 

1 1 ft  of  March,  1 7 s9,  at  \ o’clock  in  the  morning* 

the 
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the  comet’s  altitude  was  found  to  be  22  deg.  50 
min.  and  it’s  azimuth  71  deg.  fouth-eaft.  From 
hence  w e fhall  find  it  s place  on  the  furface  of 
the  globe,  by  the  following  problem. 

problem  lxxv. 

To  recStify  the  globe  for  the  latitude  of  the  place 
of  obfervation  in  Jamaica,  latitude  17  deg. 
30  min.  and  given  day  of  the  month,  viz. 
March  31ft. 

t 

Elevate  the  north  pole  to  17  deg.  30  min. 
abo\e  the  horizon,  then  fix  the  quadrant  of  alti, 
tude  to  the  fame  degree  in  the  meridian,  or 
zenith-point.  Again,  the  fun’s  place  for  the  3 1 ft 
01  March  is  in  10  deg.  34  min.  y,  which  bring 
to  the  meridian,  and  fet  the  hour  index  at  Xll 
and  the  globe  is  then  rectified  for  the  place  and* 
time  of  obfervation. 


PROBLEM  lxxvi. 

To  determine  the  place  of  a comet  on  the  furface 

of  the  celefiial  globe  from  it’s  given  altitude, 

azimuth,  hour  of  the  day,  and  latitude  of  the 
place. 


The 
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The  globe  being  rectified  to  the  given  latitude, 
and  day  of  the  month,  turn  it  about  towards  the 
eaft,  till  the  hour  index  points  to  the  given  time, 
viz.  V o’clock  in  the  morning;  then  bring  the 
quadrant  of  altitude  to  interfeft  the  horizon  in 
^1  deg.  the  given  azimuth  in  the  fouth-eaft 
quarter;  then,  under  22  deg.  50  min.  the  given 
altitude,  you  will  find  the  comets  place,  where 
you  may  put  afmall  patch  to  reprefent  it. 

PROBLEM  LXXVII. 

To  find  the  latitude,  longitude,  declination,  and 
right  afcenfion  of  the  comets. 

In  the  circles  of  latitude  contained  in  the 
zodiac,  you  will  find  the  latitude  of  the  comet 
to  be  about  3 deg.  30  min.  from  the  ecliptic  ; 
the  fame  circle  of  latitude  reduces  it's  place  to 
the  ecliptic  in  16  deg.  30  min.  of  ^r,  which  is 
it’s  longitude  fought.  Then  bring  the  cometary 
patch  to  the  brazen  meridian,  and  it  s decimation 
will  be  fliewn  to  be  9 deg.  15  min.  fouth.  At 
the  fame  time,  it’s  right  afcenfion  will  be  ; 
deg.  30  min. 


problem 
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PROBLEM  LXXVIH. 

To  Ihew  the  time  of  the  comet’s  rifing,  fouthing, 
fctting,  and  amplitude,  for  the  day  of  the  ob- 
fervation  at  Jamaica. 

Bring  the  place  of  the  comet  into  the  eaftern 
femi-circle  of  the  horizon,  (the  globe  being 
rectified  as  directed)  the  index  will  point  to  III 
hours  15  min.  which  is  the  time  of  it’s  riling  in 
the  morning  at  Jamaica,  the  amplitude  10  deg. 
very  nearly,  to  the  fouth.  The  patch  being 
brought  to  the  meridian,  the  index  points  to  IX 
o’clock  10  min.  for  the  time  of  culminating:,  or 

O 3 

being  fouth  to  them.  Laltly,  bring  the  patch  to 
touch  the  weftern  meridian,  and  the  index  will 
point  to  III  in  the  afternoon,  for  the  time  of  the 
comet’s  fetting,  with  10  deg.  o'ffouthern  ampli- 
tude, of  courfe. 


PROBLEM  LXXIX. 


from  the  comet’s  place  being  given,  to  find  the 
time  of  it’s  rifing  in  the  horizon  of  London, 
pn  the  31ft  day  of  March,  1759. 
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For  this  purpofe,  you  need  only  reftify  the 
globe  for  the  given  latitude  of  London,  and  bring 
the  cometary  patch  to  the  eaftern  horizon,  and 
the  index  points  to  III  hours,  45  min.  for  the 
time  of  it’s  riling  at  London,  with  about  14  deg. 
of  fouth  amplitude ; then  turn  the  patch  to  the 
we  hern  horizon,  and  the  index  points  to  II  h. 
25  min.  the  time  ol  it's  fetting. 

N.  B.  From  hence  it  appears,  the  comet  rofe 
foon  enough  t at  morning  to  have  been  obferved 
at  London,  had  the  heavens  been  clear,  and  the 
aftronomers  been  before-hand  apprized  ot  fuch  a 
phenomenon. 


PROBLEM  LXXXc 

To  determine  another  place  of  the  fame  comer, 
from  an  obfervation  made  at  l.ondon  on  the 
6th  day  of  May,  at  X in  the  evening. 

Qn  the  6th  day  of  May,  1 7 5 ^ at  n^jt> 
the  place  of  the  comet  was  o’oferved,  and 
it’s  dihance  meafured  with  a micrometer, 
from  two  fixed  Bars  marked  /x  and  v in  the  con- 
ftellation  called  hydra,  and  it’s  altitude  was 
found  to  be  16  deg.  and  it’s  azimuth  37  deg. 
fouth- weft,  from  whence  it’s  place  on  the 

v fur  face 
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fur  face  of  the  globe  is  exadlly  determined,  as 
in  prob.  lxxvi.  and  having  (tuck  a patch  there- 
on, you  will  have  the  two  places  of  the  comet  on 
the  furface  of  the  globe,  for  the  two  diftant  days 
and  places  of  obfervation,  as  required. 


PROBLEM  LXXXI. 

From  two  given  places  of  a comet,  to  affign  it’s 
apparent  path  among  the  fixed  ftars  in  the 
heavens. 

The  two  places  of  the  comet  being  determined 
by  the  observations  on  the  3 1 ft  of  March,  17:3 
and  the  6th  of  May  following,  and  denoted  by 
two  patches  refpedlivcly,  you  mu  ft  move  the 
g-obe  up  and  down,  in  the  notches  of  the  hori- 
zon, thl  fuch  time  you  bring  both  the  patches 
to  coincide  with  the  horizon  ; then  will  the  arch 
of  the  horizon  between  the  two  patches  lheu\ 
upon  the  ccleilial  globe,  the  apparent  place  of 
the  comet  in  the  interval  between  the  two  .obfer- 
vations, and  by  drawing  a line  with  a black 
lead  pencil  along  by  the  frame  of  the  horizon,  it’s 
path  on  the  furface  of  the  globe  will  be  delineated, 
as  required.  And  here  it  may  be  obferved,  that 
it’s  apparent  path  lay  through  the  following 
fouthern  conftellations,  viz.  the  tail  of  Capricorn 
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the  tail  of  Pifces  Auftralis,  by  the  head  of  Indus, 
the  neck  and  body  of  Pavo,  through  the  neck  of 
Apus,  below  Triangulum  Auftrale,  above  iVmf- 
ca,  by  the  lowerrnoft  of  the  Crofters,  acrofs  the 
hind  legs  and  through  the  tail  of  Centaurus,  fi  om 
thence  between  the  two  ftars  in  the  back  of  the 
Hydra  before-mentioned  ; after  this,  it  palled  on 
to  Sextans  Urania?,  and  then  to  the  ecliptic  near 
Cor  Leonis ; foon  after  which,  it  totally  difap- 

peared. 

i 

PROBLEM  LXXXII, 


To  eftimate  the  apparent  velocity  of  a comet, 
two  places  thereof  being  given  by  obfervation. 


Let  one  place  be  afeertained  near  the  begin- 
ning of  it's  appearance,  and  the  other  towards 
the°end  thereof;  then  bring  there  two  places  to 
the  horizon,  and  count  the  number  of  degrees 
interfered  between  them,  which  being  t e pace 
apparently  deferibed  in  a given  time,  will  be  the 
velocity  required.  Thus,  in  the  cafe  of  the 
above-mentioned  comet,  you  will  find,  that  it 
deferibed  more  than  1 50  deg.  m the  fpace  o 3 
days,  which  is  more  than  4 deg.  per  day. 


problem 
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PROBLEM  LXXXIII. 

to  reprefent  the  general  phenomena  of  the 
comet,  for  any  given  latitude. 

Bring  the  vifible  path  of  the  comet  to  coincide 
with  the  horizon,  by  which  it  was  drawn,  and 

4 

then  obferve  what  degree  of  the  meridian  is  in  the 
north  point  of  the  horizon,  which,  in  the  cafe 
of  the  foregoing  comet,  will  be  the  23  deg. 
This  will  fhew  the  greateft  latitude  in  which  the 
whole  path  can  be  vifible  in  any  latitude  lefsthan 
this,  as  that  of  Jamaica ; where,  for  inftance, 
the  moft  fouthern  part  of  the  path  will  he  ele- 
vated more  than  5 deg.  above  the  horizon,  and 
the  comet  vifible  through  the  whole  time  of  it’s 
apparition.  But  re&ifying  the  globe  for  the  lati- 
tude of  London,  the  path  of  the  faid  comet  will 
be  for  the  moft  part  invifible,  or  below  the  hori- 
zon ; and  therefore  it  could  not  have  been  feen  in 
our  latitude,  but  at  times  very  near  the  betiin- 
ning  and  end  of  it’s  appearance;  becaufe,  by 
bringing  the  comet’s  path  on  one  part  to  the 
fouth  point  of  the  horizon,  it  will  immediately 
appear  in  what  part  the  comet  ccafcs  to  be  vifible; 
and  then  bringing  the  other  part  of  the  path  to 
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the  point,  it  will  appear  in  what  part  it  will 
again  become  vifible. 

After  this  manner  may  the  problems  relating 
to  any  other  comets  be  performed ; and  thus  the 
paths  of  the  feveral  comets,  which  have  hitherto 
been  obferved,  may  be  fevcrally  delineated  on 
the  celeftial  globe,  and  their  various  phenomena 
in  different  latitudes  be  thereby  fhewn. 

The  Use  of  the  Celestial  Globe,  in 
Problems  relative  to  the  fixed  Stars. 

The  ufe  of  the  celeftial  globe  is  in  no  inftance 
more  confpicuous,  than  in  the  problems  concern- 
ing the  fixed  ftars.  Among  many  otner  advan- 
tages, it  will,  if  joined  with  obfervations  on  the 
ftars  themfelves,  render  the  practice  and  theory 
of  other  problems  eafy  and  clear  to  the  pupil, 
and  va fitly  facilitate  his  progrefs  in  aftronomical 
knowledge. 

The  heavens  arc  as  much  ftudded  over  with 
ftars  in  the  day,  as  in  the  night ; only  that  they 
are  then  rendered  inviftble  to  us,  by  the  brightnefs- 
of  the  folar  rays.  But  when  this  glorious  lumi- 
nary defeends  below  the  horizon,  they  begin 

gradually 
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gradually  to  appear.  When  the  fun  is  about 
12  degrees  below  the  horizon,  ftars  of  the  firfl: 
magnitude  become  vifible : when  he  is  13  de- 
gieei,  thofe  of  the  fecond  arc  feen  : when  14  de- 
grees, flats  cf  the  third  magnitude  appear: 
when  15  degrees,  thofe  of  the  fourth  prefen: 
them  {'elves  to  view:  when  he  is  defeended  about 
x 8 degrees,  the  liars  of  the  fifth  and  f,«h  mag- 
nitude, and  thofe  that  are  Hill  fmaller,  become 

• y - azure  arch  fparkles  with  all 

it  s glory. 


Problem  ixxxiv. 

To  find  the  right  afeenfion  and  declination  of 

any  given  jftar. 

^iing  tiie  given  flar  to  the.  meridian,  and  the 
degree  under  which  it  lies  is  it’s  declination  ; and 
-e  point  m which  the  meridian  interfedls  the 
cquinodialrs  its  right  afeenfion.  For  inftance, 

* iflurus  be  the  given  flar  j this  brought  to 
the  meridian  will  be  feen  under  the  2Q  deg 
rnm.  whi,h  ;3  therefore  k,  ^ ; 

fliewn  in  h8  U afcenfl0n  IS’  at  t!le  fame  time, 

, m the  eqmnoclial  to  be  ai  1 deg  A -ram 

sinus,  ,;f  d„gs«;:: 

which. 
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which,  brought  to  the  meridian,  will  be  Cecil 
under  the  i6deg.  30  min.  which  is  his  declina- 
tion, Couth  ; and  it’s  right  afcenfion  98  deg.  20 
min.  in  the  equinoctial  line. 


PROBLEM  LXXXV. 


To  find  the  latitude  and  longitude  of  a given 

flar. 


Bring  the  pole  of  the  ecliptic  to  the  meridian, 
over  which  fix  the  quadrant  of  altitude,  and 
holding  the  globe  very  fleady,  move  the  quadrant 
to  lie  over  the  given  fiar,  and  it  will  cut  that 
degree  in  the  edge,  as  will  fhew  it  s latitude  from 
the  ecliptic,  and  in  the  ecliptic  the  quadrant  will 
cut  that  degree  which  is  called  it  s place  redu- 
ced to  the  ecliptic,  or  longitude,  from  the 
beginning  of  Aries.  Thus,  withrefpcQ.  to  Aic- 
turus,.  it’s  latitude  from  the  ecliptic  will  be  found 
30  deg.  30  min.  and  it’s  longitude  in  the  eclip- 
tic about  20  deg.  20  min.  of  Libra.  I his  pio- 
blem  regards  either  pole,  as  the  fiars  aie  in  the. 
northern  or  fouthern  hemifpheres,  refpeClively. 


PROBLEM 
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PROBLEM  LXXXVI. 

The  right  afcenfion  and  declination  of  a Har 
being  given,  to  find  it’s  place  on  the  globe. 

Turn  the  globe  till  the  meridian  cuts  the  cqui- 
nocTial  in  the  degree  of  right  afcenfion.  Thus, 
for  example,  fuppofe  the  right  afcenfion  of 
Aldebaran  to  be  65  deg.  30  m.  and  it’s  declina- 
tion to  be  16  deg.  north,  then  turn  the  globe 
about  till  the  meridian  cuts  the  equinoctial 
m 65  deg.  30  min.  and  under  the  16  deg.  of 
the  meridian,  on  the  northern  part,  you  will 

obferve  the  fiar  Aldebaran,  or  the  bull’s 
eye. 


problem  Lxxxvir. 

To  find  the  time  of  the  riling,  fouthing,  fet'ting, 
amplitude,  &c.  of  any  liar,  in  a given  lad- 
tude  and  day  of  the  year. 

The  precept  is  the  fame  as  in  the  problems  for 
t e fun.  Thus,  let  it  be  required  to  know  at 
* iat  time  the  Pleiades  (or  feven  Pars)  rife,  fet, 
C*  in  the  latitude  of  London,  on  the  nth  of 
May.  The  globe  being  rectified  for  the  latitude 
of  London,  and  the  fun’s  place  for  the  given  day, 

turn 
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turn  the  globe  about  till  you  bring  the  Pleiades 
into  the  eafiern  femi-circle  of  the  horizon,  and 
the  index  will  point  to  34  deg.  45  min.  the  time 
of  their  riling  in  the  morning.  Then  bring  the 
laid  clufter  of  Pars  to  the  meridian,  and  the  in- 
dex will  point  to  about  \ after  XII  for  the  time  of 
their  culminating,  or  being  upon  the  meridian* 
Laftiy,  bring  them  into  the  weftern  horizon,  and 
the  index  will  point  to  VIII  40  min.  which 
•(hews  the  time  of  their  fetting  in  the  evening  of 
that  day.  It  will  alfo  appear,  on  the  circle  of 
the  horizon,  that  they  rife  with  about  40  deg.  of 
amplitude  to  the  north,  and  fet  with  the  fame 
amplitude  from  the  weP. 


V R O E L E M LXXXVIir. 

To  find  what  conftellation  any  remarkable  Par, 
feen  in  the  firmament,  belongs  to. 

Bring  the  fun’s  place  in  the  ecliptic  for  that 
day  to  the  Prong  brafs  meridian,  and  fet  the  ho- 
rary index  to  that  XII  which  is  moP  elevated  ; 
the  celePial  globe  being  rectified  to  the  latitude, 
turn  the  globe  till  it  points  to  the  prefent  hour ; 
and  by  the  help  of  the  mariner’s  compafs,  and 

attending  to  the  variation,  which  at  London  is 

nearly 
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nearly  24  degrees  from  the  north,  we  Award,  tit 

the  north  pole  of  the  globe  towards  the  north 
pole  of  the  heavens. 

^ 1 he  fiar  upon  the  globe  (if  you  conceive  your- 
felf  in  the  center)  which  direfls  towards  that 
point  in  the  heavens,  in  which  the  liar  you  want 
to  know  is  lean,  is  the  Aar  required. 

At  the  fame  time,  by  comparing  the  liars  in 
the  heavens  with  thofe  upon  the  glebe,  the  other 
Aars  and  their  conftellations  may  be  eafijy  known ; 
whereby  you  will  be  enabled,  any  ftar-light  nir.hr 
to  point  out  many  of  thofe  liars  called  corref- 
pondents  to  various  places  on  the  earth. 


PROBLEM  L XXXIX. 

To  find  at  what  hour  any  known  ftarpaffes  the 
meridian  on  any  day  in  the  year. 

Reffify  thc  g!obe  t0  the  iatitude>  and  fct  the 

• , 1UJ  Un  to  h,s  Place  in  the  ecliptic  ; brinrr 
^ center  under  the  ftrong  brafs  meridian,  and 
t c horary  index  to  Xil ; then  turn  the  globe 
the  nar  comes  ,0  the  meridian,  and  the  ho- 
y tncex  will  point  upon  the  equator  to  the  hour 
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on  which  that  ftar  will  be  upon  the  fouth  part  of 
the  meridian. 

If  you  turn  the  globe  on  till  the  center  ol  the 
artificial  fun  is  under  that  graduated  fide  of  the 
brafs  meridian,  which  is  below  the  elevated  pole, 
all  thofe  fiars,  which  are  then  cut  by  that  fide  of 
the  meridian  above  the  faid  pole,  will  pafs  the 
meridian  at  midnight. 

problem  xc. 

To  find  on  what  day  of  the  year  any  ftar  pafies 
the  meridian  at  any  propofed  hour  of  the  night. 

Bring  the  fiar  to  the  firong  brafs  meridian, 
and  fet  the  horary  index  to  the  propofed  hour  ; 
then  turn  the  globe  till  the  index  points  to  XII, 
and  that  degree  cn  the  ecliptic,  which  is  cut  by 
the  meridian,  is  the  fun’s  place,  againft  winch, 
in  the  calendar  upon  the  broad  paper  circle,  is 
the  day  of  the  month. 


problem 
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problem  xci. 

To  trace  the  circles  of  the  fphcre  in  the  ftarry 

firmament. 

We  Ilia  11  folve  this  problem  for  the  time  of  the 
autumnal  equinox ; becaufe  that  intcrfcdion  of 
the  equator  and  ecliptic  will  be  dircdly  under  the 
depreffed  part  of  the  meridian  about  midnight  ; 
and  then  theoppofite  interfedion  will  be  elevated 
above  the  horizon  ; and  alfo  becaufe  our  find 
meridian  upon  the  terreftrial  globe  palling 
through  London,  and  the  firfi  point  of  Aries, 
when  both  globes  are  reftified  to  the  latitude  of 
London,  and  to  the  fun’s  place,  and  the  firfi 
point  of  Aries  is  brought  under  the  graduated 
fide  of  each  of  their  meridians,  we  fhall  have  the 
correfponding  face  of  the  heavens  and  the  earth 
rcpiefented,  as  they  are  with  refpcd  to  each 
oiiiei  at  that  time,  and  the  principal  circles  of 
each  fphcre  will  correfpond  with  each  other. 

1 he  horizon  is  then  diftinguifhed,  if  we  begin 
:rom  the  north  and  count  weft  ward,  by  the  fol- 
lowing conflellations ; the  hounds  and  waift  of 
Bootes,  the  northern  crown,  the  head  of  Her- 
Cl^cs>  fiioulders  of  Serpentarius,  and  Sobi- 

cfki’s 
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efki’s  fhield  ; it  pa  Acs  a little  beloy/  the  feet  of 
Antinous,  and  through  thofe  of  Capricorn, 
through  the  Sculptor’s  frame,  Eridanus,  the  Aar 
Rig-ell  in  Orion’s  foot,  the  head  of  Monoceros, 

O 

the  crab,  the  head  of  the  little  lion,  and  lower 
part  of  the  great  bear. 

The  meridian  is  then  reprefented  by  the  equi- 
noctial colure,  which  paAfes  through  the  Aar 
marked  5 in  the  tail  of  the  little  bear,  under  the 
north  pole,  the  pole  Aar,  one  of  the  Aars  in  the 
back  of  CaAiopea’s  chair  marked  /3,  the  head  of 
Andromeda,  the  bright  Aar  in  the  wing  of  Pe- 
aafus  marked  Y , and  the  extremity  of  the  tail 
of  the  whale. 

That  part  of  the  equator  which  is  then  above 
the  horizon,  is  diAinguiflied  on  the  weAern  fide 
by  the  northern  part  of  Sobiefici’s  fhield,  the 
{boulder  of  Antinous,  the  head  and  vefiel  of 
Aquarius,  the  belly  of  the  weAern  fifh  in  Pifces ; 
it  pafles  through  the  head  of  the  whale,  and  a 
bright  Aar  marked  in  the  corner  oi  his  mouth, 
and  thence  through  the  Aar  marked  £ in  the  belt 
of  Orion,  at  that  time  near  the  eaftern  fide  of  the 
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i hat  half  of  the  ecliptic  which  is  then  above 
the  horizon,  it  we  begin  from  the  weftern  fide, 
prefents  to  our  view  Capricornus,  Aquarius,  Pif_ 
ces,  Aries,  Taurus,  Gemini,  and  a part  of  the 
conftellarion  Cancer. 


Ine  folQitial  colure,  from  the  wefiern  fide, 

pafFcs  through  Cerberus,  and  the  hand  of  Her- 

cuies,  thence  by  the  wefiern  fide  of  the  confiel- 

lation  Lyra,  and  through  the  dragon’s  head  and 

body,  through  the  pole  point  under  the  polar  Par, 

to  the  eaft  of  Auriga,  through  the  ftar  marked 

in  the  foot  of  Caftor,  and  through  the  hand  and 
elbow  of  Orion. 


The  northern  polar  circle,  from  that  part  of 
the  meridian  under  the  elevated  pole,  advancing 
towards  the  weft,  pafles  through  the  ihoulder  0*f 
tne  great  bear,  thence  a little  to  the  north  of  the 
ftar  marked  « in  the  dragon's  tail,  the  great 
knot  of  the  dragon,  the  middle  of  the  body  of 
Cepheus,  the  northern  part  of  Caffiopea,  and 
bale  of  her  throne,  through  Camelopardalus, 
and  the  head  ol  the  great  bear. 

The  tropic  of  Cancer,  from  the  weftern  edsrc 
of  the  horizon,  pafles  under  the  arm  of  Hercu, 

eS’  un“cr  tne  vu!tUic,  through  the  goofe  and 

fox. 
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fox,  which  is  under  the  beak  and  wing  of  the 
fwan j under  the  flar  called  Sheat,  maiked/3  i^ 
Pegafus,  under  the  head  of  Andromeda,  and 
.through  the  flar  marked  cj)  in  the  hfh  oi  the  cOii- 
flellation  Pifccs,  above  the  bright  flar  in  the  head 
of  the  ram  marked  «,  through  the  Pleiades,  be- 
tween the  horns  of  the  bull,  and  through  a group 
of  flats  at  the  foot  of  Caflor,  thence  above  a flat 
marked  3,  between  Caflor  and  Pollux,  and  fo 
through  a part  of  the  conflellation  Cancer,  where 
it  difappears  by  paffing  under  the  eaflein  part  of 

1 

the  horizon. 

The  tropic  of  Capricorn,  from  the  weflern 
fide  of  the  horizon,  pafTes  through  the  belly,  and 
under  the  tail  of  Capricorn,  thence  under  Aqua- 
rius, through  a- flar  in  Eridanus  marked  c,  thence 
under  the  belly  of  the  whale,  through  the  bafe  of 
the  chemical  furnace,  whence  it  goes  under  the 
hare  at  the  feet  of  Orion,  being  there  depretted 
under  the  horizon. 

The  fouthern  polar  circle  is  invifiblc  to 
the  .inhabitants  of  London,  by  being  under 
our  horizon. 


Arctic 
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Ardic  and  antardic  circles,  or  circles  of  per- 
petual apparition  and  occultation. 

The  larged  parallel  oflatitude  on  the  terredrial 
globe,  as  well  as  the  larged  circle  of  declination 
on  the  celeftial,  that  appears  entire  above  the 
horizon  of  any  place  in  north  latitude,  was  called 
by  the  ancients  the  ar&ic  circle,  or  circle  of  per- 
petual apparition. 

Between  the  ardic  circle  and  the  north  pole  in 
the  celeftial  fphere,  are  contained  ail  thofe  ftars 
which  never  fet  at  that  place,  and  feem  to  us,  by 
the  rotative  motion  of  the  earth,  to  be  perpetually 

carried  round  above  our  horizon,  in  circles  paral- 
lei  to  the  equator. 

The  larged  parallel  oflatitude  on  the  terredrial, 
and  the  larged  parallel  of  declination  on  the  ce- 
ledial  globe,  which  is  entirely  hid  below  the 
horizon  of  any  place,  was  by  the  ancients  called 

the  antarifhc  circle,  or  circle  of  perpetual  occul- 
tation. 

This  circle  includes  all  the  liars  which  neve'r 
rife  m that  place  to  an  inhabitant  of  the  northern 
emifphere,  but  are  perpetually  below  the  ho. 


498  DESCRIPTION  AND  USE 


All  ar&ic  circles  touch  their  horizons  in  the 
north  point,  and  all  antar&ic  circles  touch  their 
horizons  in  the  fouth  point ; which  point,  in  the 
terreftrial  and  celeftial  fpheres,  is  the  interfe&ion 
of  the  meridian  and  horizon. 

If  the  elevation  of  the  pole  be  45  degrees,  the 
mod;  elevated  part  either  of  the  ar&ic  or  antarctic 
circle,  will  be  in  the  zenith  of  the  place. 

\ 

If  the  pole’s  elevation  be  lefs  than  45  degrees, 
the  zenith  point  of  thofe  places  will  fall  without 
it’s  ar&ic  or  antarBic  circle ; if  greater,  it  will 
fall  within. 

Therefore,  the  nearer  any  place  is  to  the 
equator,  the  Idler  will  it’s  ar&ic  and  antar&ic 
circles  be ; and  on  the  contrary,  the  farther  any 
place  is  from  the  equator,  the  greater  they  are. 
So  that. 

At  the  poles,  the  equator  may  be  confidercd 
as  both  an  ar&ic  and  antar&ic  circle,  becaufe  it’s 
plane  is  coincident  with  that  of  the  horizon. 

But  at  the  equator  (that  is,  in  a right  fphere) 
there  is  neither  ar&ic  nor  antar&ic  circle. 


They 


OF  THE  GLOBES* 


499 

They  who  live  under  the  northern  polar  circle, 
have  the  tropic  of  Cancer  for  their  arJtic,  and 
that  of  Capricorn  for  their  antar&ic  circle. 

And  they  who  live  on  either  tropic,  have  one 
of  the  polar  circles  for  their  archie,  and  the  other 
for  their  antarftic  circle. 

i 

Hence,  whether  thefe  circles  fall  within  or 
without  the  tropics,  their  diftance  from  the  zenith 
of  any  place  is  ever  equal  to  the  difference  be- 
tween the  pole's  elevation,  and  that  of  the  equa- 
tor above  the  horizon  of  that  place. 

From  what  has  been  faid,  it  is  plain  there  mav 
be  as  many  ardtic  and  antarftic  circles,  as  there 
are  individual  points  upon  anyone  meridian,  be- 
tween  the  north  and  fouth  poles  of  the  earth! 

Many  authors  have  miflaken  thefe  mutable 
ciiclcs,  and  have  given  their  names  to  the  immu- 
table polar  circles,  which  iatt  are  arffic  and  an- 
tarctic circles,  in  one  particular  cafe  oniv  as  has 
been  {hewn. 
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PROBLEM  XCII. 

To  find  the  circle,  or  parallel  of  perpetual 
apparition,  or  occupation  of  a fixed  Par  in  a 
given  latitude. 

By  rectifying  the  globe  to  the  latitude  of 
the  place,  and  turning  it  round  on  it’s  axis,  it 
will  be  immediately  evident,  that  the  circle  of 
perpetual  apparition  is  that  parallel  of  declination 
which  is  equal  to  the  complement  of  the  given 
latitude  northward  ; and  for  the  perpetual  occul- 
tation,  it  is  the  fame  parallel  fouthvvard,  that  is 
to  fay,  in  other  words,  all  thole  Pars,  whofe  de- 
clinations exceed  the  co-latitude,  will  always  be 
vifible,  or  above  the  horizon ; and  all  thofeinthe 
oppofite  hemifphere,  whofe  decimation  exceeds 
the  co-latitude,  never  rife  above  the  horizon. 

For  inftance ; in  the  latitude  of  London  51 
deg.  30  min.  whofe  co-latitude  is  3S  deg.  30 
min.  gives  the  parallels  defired ; for  all  thofe 
Bars  which  are  within  the  circle,  towards  the  north 
pole,  never  defeend  below  our  horizon  ; and  all 
thofe  liars  which  are  within  the  fame  circle,  about 
the  fouth  pole,  can  never  be  feen  in  the  latitude 
of  London,  as  they  never  afeend  above  it’s 
horizon. 
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problem  xciii. 

To  reprefent  the  face  of  the  heavens  on  the  glob* 
lor  a given  hour  on  any  day  ol  the  year. 

Reflify  the  globe  to  the  given  latitude  of  the 
place  and  day  of  the  month,  fetting  it  due  north 
and  fouth  by  the  needle;  then  turn  the  globe  on 
it’s  axis  till  the  index  points  to  the  given  hour  of 
.the  night;  then  all  the  upper  hemifphere  of  the 
globe  will  reprefent  the  vihble  face  of  the  hea- 
vens for  that  time,  by  which  it  will  be  ealily  feCn 
what  conftellations  and  liars  of  note  are  then 
above  our  horizon,  and  what  pofitLon  they  have 
with  refpedl  to  the  points  of  the  compafs.  In 
this  cafe,  fuppoling  the  eye  was  placed  in  the 
center  of  the  globe,  and  holes  were  pierced 
through  the  centers  of  the  liars  on  it’s  furface, 
the  eye  would  perceive  through  thofe  holes  the 
various  correfponding  Hars  in  the  firmament; 
and  hence  it  would  be  eafy  to  know  the  various' 
conHeilations  at  fight,  and  to  be  able  to  call  all 
the  Hars  by  their  names. 

. ufe  th*s  Problem  is  moft  extenlivc,  as 
quaints  us  at  any  time  with  the  apparent 
ace  or  Hate  of  the  heavens,  and  Ihews  us  when 
f emoon,  or  any  of  the  planets,  may  be  feen,  oj: 

1 1 3 fit 
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fit  for  examination  by  the  telefcope.  We  can  alfo 
from  hence  learn,  when  any  of  thofe  curious  and 
wonderful  objects,  called  nebulous  stars,  may 
be  feen,  and  which  ftrike  the  mind  of  the  ob- 
ferver  with  amazement,  by  prefenting  to  his 
view  an  indefinite  number  of  the  fmallefi:  fixed 
fiars  through  the  whole  field  of  view  in  his 
telefcope. 

From  hence  alfo,  the  pofition  of  that  very  ex- 
traordinary phenomenon  called  the  galaxy,  or 
milky  way,  is  at  any  time  known. 

This  {ingle  problem,  therefore,  may  be  con- 
fidered  in  itfelf  as  fufficient  to  recommend  the 
life  of  the  celeftial  globe,  to  every  itudious  and 
rational  mind,  as  the  moft  neceffary  inflrument 
of  his  celeftial  tuition. 

problem  xciv. 

The  latitude  of  the  place,  the  fun’s  place,  and 
the  hour  of  the  night  being  given,  to  find  the 
azimuth  and  altitude  of  any  known  fixed  fiar. 


Rectify  the  globe  for  the  latitude  of  the  place, 

and  the  fun’s  place  ; turn  the  globe  till  the  hour 

index  points  to  the  given  hour  j then  fix  the  qua- 
drant 
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drant  of  altitude  in  the  zenith,  and  lay  it  over 
the  ftar,  and  it  will  fhew  the  altitude  and  azimuth 
of  it. 

It  was  by  obferving  the  times  of  the  rifings  and 
fettings  ot  the  fixed  fiars,  or  the  times  of  their 
culminating  or  pafftng  the  meridian,  that  the 
ancients  determined  the  hour  or  time  of  night. 

problem  xcv. 

t 

1 he  latitude  of  the  place,  the  fun’s  place,  and 
the  azimuth  of  any  known  (lar  being  given,  to 
find  the  hour  of  the  night. 

Having  rectified  the  globe  for  the  latitude  of 
the  place  and  the  fun’s  place,  if  the  given  ftar  be 
due  north  or  fouth,  bring  it  to  the  meridian,  and 
the  index  will  fhew  the  hour  of  the  night. 

If  the  ftar  be  in  any  other  di region,  fix  the 

quadrant  of  altitude  in  the  zenith,  and  fet  it  to 

the  ftar  s azimuth  in  the  horizon  ; turn  the  globe 

about  until  the  quadrant  cuts  the  center  of  the 

ftar,  and  then  the  horary  index  will  fhew  the  hour 
of  the  night. 
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But  as  it  may  pofiibly  happen  that  we  may  fee 
a ftar,  and  would  be  glad  to  know  what  ftar  it  is, 
or  whether  it  may  not  be  a new  ftar,  or  a comet ; 
how  that  may  be  difcovered,  will  be  feen  under 
the  following 


PROBLEM  XCVI. 

The  latitude  of  the  place,  the  fun’s  place,  the 
hour  of  the  night,  and  the  altitude  and  azi- 
muth of  any  ftar  being  given,  to  find  the  ftar. 

Retftify  the  globe  for  the  latitude  of  the  place, 
and  the  fun’s  place ; fix  the  quadrant  of  altitude 
in  the  zenith,  and  turn  the  globe  till  the  hour 
index  points  to  the  given  hour,  and  fet  the  qua- 
drant of  altitude  to  the  given  azimuth ; then  the 
ftar  that  cuts  the  quadrant  in  the  given  altitude, 
will  be  the  ftar  fought. 

Though  two  ftars,  that  have  different  right 
afeenfions,  will  not  come  to  the  meridian  at  the 
fame  time,  yet  it  is  poftible  that  in  a certain  lati- 
tude they  may  come  to  the  fame  vertical  circle 
at  the  fame  time  j and  that  confideration  gives 
the  following 


PROBLEM 
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problem  xcvii. 

The  latitude  of  the  place,  the  fun’s  place,  and 
two  liars,  that  have  the  fame  azimuth,  being 
given,  to  find  the  hour  of  the  night. 

Redhfy  the  globe  for  the  latitude,  the  zenith, 
and  the  fun's  place ; then  turn  the  globe,  and* 
alfo  the  quadrant  about,  till  both  the  ftars  'coin- 
cide with  it’s  edge ; the  hour  index  will  ihew  the 
hour  of  the  night,  and  the  place  where  the  qua- 
drant cuts  the  horizon,  will  be  the  common  azi- 
muth of  both  ftars. 


'"'hat  hath  been  obferved  above,  of  two  flars 
that  have  the  fame  azimuth,  will  hold  good  like- 
wifeof  two  ftars  that  have  the  fame  altitude - 
irom  whence  we  have  the  following 


p R o B L E M XCVIII. 

The  latitude  of  the  place,  the  fun’s  place,  and 

W°  ftarS>  that  lla'e  the  fame  altitude,  belli* 
given,  to  find  the  hour  of  the  nioht  ° 

Rectify  the  globe  for  the  latitude  of  the  place, 
h zenith  and  the  fun’s  place , turn  the  globe, 

9 m the  fame  degree  °P  quadrant  fhaJl  cut 

both 
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both  bars,  then  the  hour  index  will  ihevv  the  hour 
of  the  night. 

In  the  former  proportions  the  latitude  of  the 
place  is  fuppofed  to  be  giver.,  or  known.  But 
as  it  is  frequently  neceflary  to  find  the  latitude 
of  the  place,  and  efpecially  at  fea,  how  this  may 
be  found,  in  a rude  manner  at  leaft,  having  the 
time  given  by  a good  clock,  or  watch,  will  be 
feen  in  the  following 

PROBLEM  XCIX. 

The  fun's  place,  the  hour  of  the  night,  and  two 
Bars,  that  have  the  fame  azimuth,  or  altitude, 
beino-  driven,  to  find  the  latitude  ol  the  place. 

Rectify  the  globe  for  the  fun’s  place,  and  turn 
it,  till  the  index  points  to  the  given  hour  of  the 
night ; keep  the  globe  from  turning,  and  move  it 
iro  and  down  in  the  notches,  till  the  two  given 
Bars  have  the  fame  azimuth,  or  altitude;  then 
the  brafs  meridian  will  (hew  the  height  of  the  pole, 
and  confequently  the  latitude  of  the  place. 


problem 
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Two  ftars  being  given,  one  on  the  meridian,  and 
the  other  on  the  eait  and  weft  part  of  the  hori- 
zon, to  find  the  latitude  of  the  place. 


Bring  the  ftar  obferved  on  the  meridian  to  the 
meridian  of  the  globe ; then  keeping  the  globe 
from  turning  round  it's  axis.  Aide  the  meridian 
up  or  down  in  the  notches,  till  the  other  ftar  is 
brought  to  the  eaft  or  weft  part  of  the  horizon  • 

and  that  elevation  of  the  pole  will  be  the  latitude 
of  the  place  fought. 


OBSERVATION. 

From  what  hath  been  ft, id,  it  appears,  that  if, 
of  thefe  five  things,  t.  the  latitude  of  the  place  .* 
a.  the  fan's  place  in  the  ecliptic  ; 3.  the  hour  of 
me  night;  4.  the  common  azimuth  of  two 
known  fixed  ftars ; 5.  the  equal  altitude  of  two 
known  fixed  ftars ; any  three  of  them  be 
given,  the  remaining  two  will  eafily  be  found. 

There  are  three  forts  of  rifings  and  fettings  of 
he  i,xed  ftars,  taken  notice  of  by  ancient  authors 
and  commonly  called  poetical  risings  and 

settings. 
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settings,  becaufe  moftly  taken  notice  of  by  the 
poets. 

Thefe  arc  the  cosmic al,  achronical,  and 

HELIACAL.  # 

They  are  to  be  found  in  moft  authors  that  treat 
on  the  dodrine  of  the  fphere,  and  are  now 
chiefly  ufeful  in  comparing  and  undemanding 
paffages  in  the  ancient  writers  ; fuch  are  Hefiod, 
Virgil,  Columella,  Ovid,  Pliny,  &c.  How 
they  are  to  be  found  by  calculation,  may  be  feen 
in  Petavius’s  Uranologion,  and  Dr.  Gregory  s 
agronomy. 

P E FI  N I T J O N. 

When  a flar  rifes  or  fets  at  fun-riling,  it  is  Paid 
to  rife  or  fet  cosmically. 

Prom  whence  we  fhall  have  the  following 

problem  ci. 

The  latitude  of  the  place  being  given,  to  find, 
by  the  globe,  the  time  of  the  year  when  a 

riven  flar  rifes  or  fets  cofmically. 

b Let 
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Let  the  gi\  en  place  be  Rome,  whofe  latitude  is 
42  deg.  8 min.  north  ; and  let  the  given  flar  be 
the  Lucida  Pleiadum,  Rectify  the  globe  for  the 
latitude  of  the  place ; bring  the  flar  to  the  edge 
of  the  eaftern  horizon,  and  mark  the  point  of  the 
ecliptic  rifing  along  with  it ; that  will  be  found 
to  be  Taurus,  t 8 deg.  oppofite  to  which,  on  the 
torizon,  will  be  found  May  the  8th.  The  Lu- 
cida  Pleiadum,  therefore,  rifes  cofmkalJy  May 

till-  %th  7 J 


If  the  globe  continues  redlified  as  before,  and 
t e Lucida  Pleiadum  be  brought  to  the  ed^e  of 
the  wertern  horizon,  the  point  of  the  ecliptic 
which  is  the  fun's  place,  then  rifing  0fi  the  calf 
ern  fide  of  the  horizon,  will  be  Scorpio,  29  deg 

oppofite  to  which,  on  the  horizon,  will  be  found 

November  the  21  ft.  The  Lucida  Pleiadum 
therefore,  fets  cofmically  November  the  2,  fi. 

In  the  fame  manner,  i„  the  latitude  of  London 

Smus  will  be  found  to  rife  cofmically  Auguft  the’ 
h,  to  fet  cofmically  November  the  loth, 

“fmical  lotting  Of  the  Pleiades, 
rgl  is  to  be  underflood  in  this  line, 


4 


Ant  e 
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Ante  tibi  EoiE  Atlantides  abscondantur,* 

and  not  of  their  setting  in  the  east,  as  fome 
have  imagined,  where  ftars  rife,  but  never  fet. 

definition. 

When  a ftar  rifes  or  fets  at  fun-fetting,  it  is 
faid  to  rife  or  fet  aciironically. 

Hence,  likewife,  we  have  the  following 
PROBLEM  CII. 

The  latitude  of  the  place  being  given,  to  find 
the  time  of  the  year  when  a given  ftar  will  rife 
or  fet  achronically. 

Let  the  given  place  be  Athens,  whofe  latitude 
is  37  deg.  north,  and  let  the  given  liar  be 

Ardturus. 

Rectify  the  globe  for  the  latitude  of  the  place; 

and  bringing  Arfturus  to  the  cafiern  fide  of  the 
horizon,  mark  the  point  of  the  ecliptic  then  fet- 

ting  on  the  weftern  fide ; that  will  be  found  Aries, 
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1 2 deg.  oppofite  to  which,  on  the  horizon,  will 
be  found  April  the  2d.  Therefore,  Ardurus 
rifes  at  Athens  achronically  April  the  2d. 

It  is  of  this  riling  of  Ardurus  that  Hefiod 
fpeaks  in  his  Opera  & Dies.* 

W hen  from  the  solstice  fixty  days  are  pafj 
At  eve  Arcturus  rifes  in  the  eaft. 

If  the  globe  continues  rectified  to  the  latitude 
of  the  place,  as  before,  and  Ardurus  be  brought 
to  the  wefiern  fide  of  the  horizon,  the  point  of 
the  ecliptic  fetting  along  with  it  will  be  Sagittary, 

7 deg.  oppofite  to  which,  on  the  horizon,  will  be 
found  November  the  29th.  At  Athens,  there- 
fore, Ardurus  fets  achronically  November  the 
29th. 

In  the  fame  manner  Aldebaran,  or  the  bull’s 

eye,  will  be  found  to  rife  achronically  May  the 

22d  and  to  fet  achronically  December  the 
39th, 
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DEFINITION. 

When  a ftar  firft  becomes  viGble  in  the  morning* 
after  it  hath  been  fo  near  the  fun  as  to  be  hid  by 
the  fplendor  of  his  rays,  it  is  faid  to  rife  hem- 
acally. 

But  for  this  there  is  required  fome  certain  de- 
preffion  of  the  fun  below  the  horizon,  more  or 
lefs,  according  to  the  magnitude  of  the  ftar.  A 
ftar  of  the  firft  magnitude  is  commonly  fuppofed 
t©  require  that  the  fun  be  deprefled  12  deg.  per- 
pendicularly below  the  horizon. 

This  being  premifed,  we  have  the  following 

\ * ' u 

PROBLEM  CIII. 

The  latitude  of  the  place  being  given,  to  find  the 
time  of  the  year  when  a given  ftar  will  rife 
heliacally. 

Let  the  given  place  be  Rome,  whofe  latitude  is 
4.2  deg.  north,  and  let  the  given  ftar  be  the  bright 
ftar  in  the  bull’s  horn. 
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Redtify  the  globe  for  the  latitude  of  the  place, 
fcrew  on  the  brafs  quadrant  of  altitude  in  it’s 
zenith,  and  turn  it  to  the  we  (tern  fide  of  the  hori- 
zon. Bring  the  fiar  to  the  eaficrn  fide  of  the 
honzon,  and  mark  what  degree  of  the  ecliptic  is 
cut  by  12  deg.  marked  on  the  quadrant  of  alti- 
tude ; that  will  be  found  to  be  Capricorn,  ? deg. 
the  point  oppofite  to  which  is  Cancer,  3 deg. 
and  oppofite  to  this  will  be  found,  on  the  hori- 
zon, June  the  25th.  The  bright  fiar,  therefore, 
in  the  bull’s  horn,  in  the  latitude  of  Rome, 
rifes  heliacally  June  the  25th. 

Thefe  kinds  of  rifings  and  fet tings  are  not  only 
mentioned  by  the  poets,  but  likewife  by  the 
ancient  phyficians  and  hifiorians. 

Thus  Hippocrates,  in  his  book  De  JErc,  fays, 

" one  ought  to  obferve  the  heliacal  rifings  and 
fettings  of  the  fiars,  efpecially  the  dog  star,  and 

Arcturus;  likewife  the  cosmical  fettingof  the 
Pleiades.  ” 

And  Polybius,  fpeaking  of  the  lofs  of  the 
Roman  fleet,  in  the  firfl  Punic  war,  fays,  “ it 
was  not  fo  much  owing  to  fortune,  as  to  the  ob- 
flinacy  of  the  confuls,  in  not  hearkening  to  their 
pilots,  w ho  difluaded  them  from  putting  to  fea 

K k 
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at  that  fcafon  of  the  year,  which  was  between  the 
rifing  of  orion  and  the  dog  star;  it  being  ah 
ways  dangerous,  and  fubject  to  dorms.”  * 

DEFINITION. 

When  a ftar  is  frrd  immerfed  in  the  evening, 
or  hid  by  the  fun’s  rays,  it  is  faid  to  fet  heliacally. 

And  this  again  is  faid  to  be,  when  a dar  oi  the 
di  d magnitude  comes  within  12-  degrees  of  the 
fun,  reckoned  in  the  perpendicular. 

Hence  again  we  have  the  following 
problem  civ. 

The  latitude  of  the  place  being  given,  to  find  the 
time  of  the  year  when  a given  dar  lets  heli- 

acally. 

Let  the  given  place  be  Rome,  in  latitude  42 
deg.  north,  and  let  the  given  far  be  the  bright 
dar  in  the  ball’s  horn.  Rectify  the  globe  for 
the  latitude  of  the  place,  and  bring  the  far  to 
the  edge  of  the  wedern  horizon ; turn  the  qua- 
drant of  altitude,  till  12  deg.  cut  the  ecliptic  on 

the 
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the  eaftern  fide  of  the  meridian.  This  will  be 
found  to  be  7 deg.  of  Sagittary,  the  point  oppo- 
fire  to  which,  in  the  ecliptic,  is  7 deg.  of  Gemini  ; 
and  oppofite  to  that,  on  the  horizon,  is  May 
the  28th,  the  time  of  the  year  when  that  fets 
heliacally  in  the  latitude  of  Rome. 


Of  the  Precession  of  the  Equinox. 

We  have  already  taken  notice  of  and  illufirated 
in  page  41 9,  that  apparent  flow  motion  of  the 
fixed  ftars  forwards,  which  is  caufed  by  the  like 
flow  motion  of  the  equinoctial  points  backwards  ; 
and  fhewn  that  this  is  owing  to  the  revolution  of 
the  axis  of  the  equator  about  the  axis  of  the 
ecliptic,  the  pole  of  the  equator  deferibing  in  the 
heavens  a circle  about  the  axis  of  the  ecliptic. 
By  this  motion  they  are  found  to  recede  from 
their  ancient  ftations,  at  the  rate  of  50  feconds 
every  year,  making  a degree  in  72  years,  and 
25,92°  )’cars  to  perform  one  revolution. 

Hence  it  is,  that  though  the  figns  or  conftel- 
lations  in  the  zodiac  are  called  by  the  fame  names 
'vth  thofe  in  the  ecliptic,  yet  the  figns  in  one  do 
not  anfvver  to  thofe  in  the  other ; the  fign  called 
Aiies,  for  infiance,  in  the  ecliptic,  is  not  in  that 
part  of  it  which  anfwers  to  the  figure  or  conftel- 

^ ^ 2 lation 
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lation  of  Aries  in  the  zodiac  ; the  fame  is  equally 
true  of  all  the  other  figns.  This  is  made  very 
plain  upon  the  celeflial  globe;  for  the  reader 
will  find  there  that  the  mark  y'  and  the  30  deg. 
reckoned  from  it,  which  make  the  fign  Aries  in 
the  ecliptic,  are  not  within  the  figure  or  con- 
flellation  of  the  ram.  This  motion  in  their 
longitude  does  not,  however,  vary  their  latitude. 

Hence  their  places  being  once  determined  to  a 
known  year,  their  longitudes  may  be  afcertained 
for  any  time  pafi  or  to  come,  by  the  foie  fub- 
tradtion  or  addition  of  fo  many  times  50  feccnds, 
as  there  are  years  between  that  to  which  the  given 
fiar  is  rectified,  and  that  to  which  it  is  required ; 
or  knowing  the  quantity  of  preceflion  from  any 
former  period,  the  difiance  thereof  in  time  may 
be  obtained,  by  reducing  it  into  leconds,  and 
dividing  the  refult  by  50,  the  quotient  will  give 
the  number  of  years,  as  in  the  following  exam- 
ples. 


example  1. 

Given,  1908  years.  To  find  the  quantity  of 
the  precelfion  for  that  time. 


OF  THE  GLOBES. 
1908  years 

Multiply  by  - 50  feconds 


6°  ) 95400 


An  Aver 


60)  1590 


--  26°  30' preceffion  in  1908  years. 


EXAMPLE  II. 

Given,  26s  30,  the  quantity  of  the  preceffion 
£0  find  the  time. 


26q  30' 

Multiply  by  60 

1590  minutes 
Multiply  by  60 

Divide  by  50  ) 95400  feconds 

Anfvver  - 1908  years. 


, ^ rcgular  chanSe  in  the  preceffion  of  the 
nxed  flats,  or  rather  the  conflant  retrogreffion  cl 
the  equinodial  points,  feems  to  caufe  an  irregular 
vananon  in  thetr  right  afeenfions  and  dedinai 

f ’ ,m°re  " lef3>  accordlng  to  their  diflances 
- om  .he  pole  of  the  ecliptic.  Whence  it 

Kk3 


may 
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not  be  improper  to  fhew  how  thefe  may  be  found, 
as  the  cofmical,  achronical,  and  heliacal  tilings 
and  fettings  of  the  fixed  ftars,  found  by  the  pre- 
ceding problems,  have  refpebt  only  to  the  piefent 
age;  and  the  following  problem  will  fhew 
the  reader  how  to  determine  the  ancient  place 
of  any  liar  agreeable  to  the  time  of  ancient 
authors,  if  their  authority  may  be  depended  on. 

PROBLEM  CV. 

Given,  the  latitude  and  ancient  longitude  of  a 

fixed  flat,  to  find  it's  right  afeention  and  de- 

clination. 

Elevate  the  celeftial  globe  to  66>f  degrees, 
bring  the  pole  of  the  ecliptic  into  the  zenith, 
and  "there  fix  the  quadrant  of  altitude  ; apply  it’s 
graduated  edge  to  the  given  liar,  and  it  will  cut 
it’s  prefent  longitude,  either  on  the  ecliptic  or 
broad  paper  circle,  which  in  this  pofition  ol  the 
globe  coincide  with  each  other  : make  a mark  on 
the  quadrant,  at  the  latitude  of  the  given  liar, 
and  remove  it  to  it’s  ancient  longitude,  as  found 
above  ; then  bring  the  graduated  edge  of  the 
moveable  meridian  to  the  mark  juft  made  upon 
the  quadrant  of  altitude,  and  fet  the  center  of  the 
artificial  fun  to  that  point  which  will  then  repre- 
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fcnt  the  ancient  place  of  the  given  flar.  That 
point  of  the  moveable  meridian,  upon  which  the 
center  of  the  artificial  fun  was  placed,  is  it’s  an- 
cient declination  ; and  that  point  of  the  equator, 
cut  by  its  graduated  edge,  is  it’s  ancient  right 
afcenfion. 

The  globe  being  thus  re&ified  to  the  place  and 
precertion  of  any  particular  flar,  as  given  us  bv 
ancient  authors,  the  times  of  the  year  when  fuch 
flar  rofe  or  fet,  either  cofmical'y  achronicallv 
or  yLeliacally,  may  be  thus  obtained  by  the  pre- 
ceding problems,  agreeable  to  the  period  of  the 
author  under  confideration.  The  reader,  who 
wifhes  to  purfue  this  fubjedt  further,  will  find  it 
illurt  rated  by  many  curious  and  learned  examples 
in  the  Rev.  Mr.  Cortard's  Hirtory  of  Afironomy. 

O f the  Correspondence  of  the  Celesti^i 
and  Terrestrial  Spheres,* 

That  the  reader  may  thoroughly  underhand 
what  is  meant  by  the  correfpondence  between 
the  two  fpheres,  let  him  imagine  the  celellial 
globe  to  be  delineated  upon  glafs,  or  any  other 
tranfparent  matter,  which  fhall  invert  or  fur- 
round  the  terreftrial  globe,  but  in  fuch  a manner, 

K k 4 that 

* Adams’s  Treatife  on  the  Globes. 
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that  either  may  be  turned  about  upon  the  poles 
of  the  globe,  while  the  other  remains  fixed  ; and 
fuppofe  the  firfi  point  of  Aries  on  the  invefting 
globe  to  be  placed  upon  the  firfi  point  of  Aries  on 
the  terreflrial  globe,  (which  point  is  in  the  me- 
ridian of  London)  then  every  liar  in  the  celefiial 
fphere  will  be  diredlly  over  thofe  places,  to  which 
it  is  a correfpondent.  Each  flar  will  then  have 
the  degree  of  it’s  right  afcenfion  diredlly  upon  the 
correfponding  degree  of  terreflrial  longitude ; 
their  declination  will  alfo  be  the  fame  with  the 
latitude  of  the  places  to  which  they  anfvver ; or 
in  other  words,  when  the  declination  of  a fiar  is 
equal  to  the  latitude  of  a place,  fuch  fiar,  within 
the  fpace  of  24  hours,  will  pafs  vertically  over 
that  place,  and  all  others  that  have  the  fame 
latitude. 

If  we  conceive  the  celefiial  invefiing  globe  to 
be  fixed,  and  the  terreflrial  globe  to  be  gradually 
turned  from  weft  to  eafi,  it  is  clear,  that  as  the 
meridian  of  London  paffes  from  one  degree  to 
another,  under  the  invefting  fphere,  every 
fiar  in  the  celefiial  fphere  becomes  correfpondent 
to  another  place  upon  the  earth,  and  fo  on,  until 
the  earth  has  completed  one  diurnal  revolution; 
or  till  all  the  fiars,  by  their  apparent  daily  mo- 
tion, have  palled  over  every  meridian  of  the 

terreflrial 
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terreflrial  globe.  From  this  view  of  the  fub- 
Je^c>  amazing  variety,  uniting  in  wonderful 
and  affonifhing  harmony,  prefents  itfelf  to  the 
attentive  reader;  and  future  ages  will  find  it 
difficult  to  inveftigate  the  reafons  that  fhould  in, 
duce  the  prefent  race  of  aftronomers  to  neglect  a 
fuojeci  fo  highly  interefting  to  fcience,  even  in  a 
practical  view,  but  which  in  theory  would  lead 
them  into  more  fublime  fpeculations,  than  any 
that  ever  yet  prefented  themfelves  to  their  minds. 

A GENERAL  DESCRIPTION  OF  THE  PaSSACE  OF 
the  Star  marked  7 in  the  Head  of  the 
Constellation  Draco,  over  tiie  Parallel 
of  London. 


* \ 

The  liar  y,  in  the  head  of  the  conficllation 
Draco,  having  5 1 deg.  32  min.  north  declination 
equal  to  the  latitude  of  London,  is  the  correfi 
pendent  flar  thereto.  To  find  the  places  which' 
it  pai.es  over,  bring  London  to  the  graduated 
fide  of  the  brafs  meridian,  and  you  will  find  that 
the  degiee  of  the  meridian  over  London  and  the 
repiefentative  of  the  flar,  pafies  over  from  Lon- 
°n  the  road  to  Briftol,  erodes  the  Severn,  the 
. 11  °*  channel,  the  counties  of  Cork  and  Kerry 
“ rdand*  the  north  part  of  the  Atlantic  ocean, 

' t}‘e  btrelShts  °f  Belleifle,  New  Britain,  the 

north 
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north  part  of  the  province  of  Canada,  New  South 
Wales,  the  fouthern  part  of  Kamfchatka,  thence 
over  different  Tartarian  nations,  feveral  provinces 
of  Ruffia,  over  Poland,  pait  of  Germany,  the 
fouthern  part  of  the  United  Provinces,  when 
eroding  the  fea,  it  arrives  again  at  the  meridian 
of  London. 

When  the  faid  liar,  or  any  other  (tar,  is  on  the 
meridian  of  London,  or  any  other  meridian, 
all  other  liars,  according  to  their  declination  and 
right  afcenfi.on,  and  difference  of  right  afeen- 
fion,  (which  anfwers  to  terreftrial  latitude,  longi- 
tude, and  difference  of  longitude)  will  at  the 
fame  time  be  on  fuch  meridians,  and  vertical  to 
fuch  places  as  correfpond  in  latitude,  longitude, 
and  difference  oflongitude,  with  the  declination, 
& c.  of  the  refpeeffive  liars  * 

From  the  liars,  therefore,  thus  confidered,  we 
attain  a copious  held  of  geographical  knowledge, 
and  may  gain  a clear  idea  ot  the  proportionable 
diftances,  and  real  bearings,  of  remote  empires, 
kingdoms,  and  provinces,  from  our  own  zenith, 
at  the  fame  inllant  of  time  ; which  may  be  found 


* Fair  man’s  Geography. 
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in  the  fame  manner  as  we  found  the  place  to 
which  the  fun  was  vertical  at  any  propofed 
time. 

Many  inftances  of  this  mode  of  attaining 
geographical  knowledge,  may  be  found  in  my 
father’s  treatife  on  the  globes. 


O t 


« 


( 524  ) 


OF  THE 


U 


s 


E 


OF  THE 


TERRESTRIAL  globe, 


WHEN  MOUNTED  IN  THE  COMMON  MANNER, 


LT HOUGH  I have,  in  the  firft  part  of 


this  eflay,  laid  before  my  readers  the 
reafons  which  induce  me  to  prefer  my  father’s 
manner  of  mounting  the  globes,  to  the  old  or 
Ptolemaic  form,  yet  as  many  may  be  in  poffeffion 
of  globes  mounted  in  the  old  form,  and  others 
may  have  been  taught  by  thofe  globes,  I thought 
it  would  render  thefe  elTays  more  complete,  to 
give  an  account  of  fo  many  of  the  leading  prob- 
lems, folvcd  on  the  common  globes,  as  would 
enable  them  to  apply  the  remainder  of  thofe  here- 


4 


tofore 
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tofore  folved,  to  their  own  ufe.  This  is  the  more 
expedient,  as  fince  the  publication  of  my  father’s 
tread  fe,  there  have  been  a few  attempts  to  do  away 
fome  of  the  inconveniences  of  the  ancient  form 
particularly  that  of  the  old  hour  circle,  which  is 
now  generally  placed  under  the  meridian. 

I cannot,  however,  refrain  from  again  obferv- 
lnS  to  the  Pupil,  that  the  folution  of  the  prob- 
lems on  the  old  globes  depends  upon  appear- 
ances; that  therefore,  if  he  means  to  content 
himfelf  with  the  mere  mechanical  folution  of 
them,  the  Ptolemaic  globes  will  anfwer  his  pur- 
pofe ; but  if  he  wilhes  to  have  clear  ideas  of  the 
rationale  of  thofe  problems,  he  mult  ufe  thofe  - 
mounted  in  my  father’s  manner. 


The  celeltial  globe  is  ufed  the  fame  way  in 
•both  mountings,  excepting,  that  in  my  father’s 
mounting  it  has  fome  additional  circles;  but  the 
ftcrence  is  fo  trifling,  that  it  is  prefumed  the 
!PUP1  can  find  no  difficulty  in  applying  the  direc- 
■10ns  there  as  given  to  the  old  form. 


? ROBLE M 
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PROBLEM  I. 

I 

To  find  the  latitude  and  longitude  of  any  given 
place  on  the  globe. 

Bring  the  place  to  the  eaft  fide  of  the  brafs 
meridian,  then  the  degree  marked  on  the  me- 
ridian over  it  (hews  it’s  latitude,  and  the  degree 
of  the  equator,  under  the  meridian,  fhews  it’s 
longitude. 

Hence,  if  the  longitude  and  latitude  of  any 
place  be  given,  the  place  is  eafily  found,  by 
bringing  the  given  longitude  to  the  meridian  ;■ 
for  then  the  place  will  lie  under  the  given  de- 
gree of  latitude  upon  the  meridian. 

PROBLEM  II. 

To  find  the  differences  of  longitude  between  any 
two  given  places. 

Bring  each  of  the  given  places  fucceffively  to 
the  brazen  meridian,  and  fee  where  the  meridian 
cuts  the  equator  each  time ; the  number  of  de- 
grees contained  between  thofe  two  points,  if  it 
be  lefs  than  i 80  deg.  otherwife  the  remainder  to 

360 
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360  deg.  will  be  the  difference  of  longitude  re- 
quired. 


problem  nr. 

To  redlify  the  globe  for  the  latitude,  zenith,  and 

fun’s  place. 

Find  the  latitude  of  the  place  (by  prob.  1.) 
and  if  the  place  be  in  the  nothern  hemifphere, 
elevate  the  north  pole  above  the  horizon,  ac- 
cording to  the  latitude  of  the  place.  If  the  place 
be  in  the  fouthern  hemifphere,  elevate  the  fouth 
pole,  above  the  fouth  point  of  the  horizon,  as 
many  degrees  as  are  equal  to  the  latitude. 

Having  elevated  the  globe  according  to  it’s 
latitude,  count  the  degrees  thereof  upon  the  me- 
ridian from  the  equator  towards  the  elevated 
pole,  and  that  point  will  be  the  zenith,  or  the 
vertex  of  the  place;  to  this  point  of  the  meri- 
dian Men  the  quadrant  of  altitude,  fo  that  the 
graduated  edge  thereof  may  be  joined  to  the  faid 
point. 

Having  brought  the  fun’s  place  in  the  ecliptic 
to  the  meridian,  fet  the  hour  index  at  twelve  at 


noon. 
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noon,  and  the  globe  will  be  rectified  to  the  fun's 
place. 


PROBLEM  IV. 

The  hour  of  day  at  any  place  being  given,  to 
find  all  thofe  on  the  globe,  where  it  is  noon, 
midnight,  or  any  given  hour  at  that  time. 

On  the  globes,  when  mounted  in  the  common 
manner,  it  is  now  cuflomary  to  place  the  hour 
circle  under  the  north  pole  ; it  is  divided  into 
twice  twelve  hours,  and  has  two  rows  of  figures, 
one  running  from  eaft  to  weft,  the  other  from 
weft  to  eaft;  this  circle  is  moveable,  and  the 
meridian  anfwers  the  purpofe  of  an  index. 


Bring  the  given  place  to  the  brazen  meridian, 
and  the  given  hour  of  the  day  on  the  hour  circle ; 
this  done,  turn  the  globe  about,  till  the  meridian 
points  at  the  hour  deftred ; then,  with  all  thofe 
under  the  meridian,  it  is  noon,  midnight,  or  any- 
given  hour  at  that  time. 


problem 
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PROBLEM  V. 

The  hour  of  the  day  at  any  place  being  given, 
to  find  the  correfpondent  hour  (or  what 
o’clock  it  is  at  that  time)  in  any  other  place. 

Bring  the  given  place  to  the  brazen  meridian, 
and  fet  the  hour  circle  to  the  given  time  ; then 
turn  the  globe  about,  until  the  place  where  the 
hour  is  required  comes  to  the  meridian,  and  the 
meridian  will  point  out  the  hour  of  the  day  at 
that  place. 

Thus,  w'hen  it  is  noon  at  London,  it  is 


fRome  - 
! Conftantinople 
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S Pekin  in  China 

H. 

o 

M. 

52 

P.  M. 

2 

7 

P.  M. 

s 

30 

Am  M. 

- 7 

5° 

P,  M. 

P R O B 

LEM 

VI. 

The  day  of  the  month  being  given*  to  find  all 
thofe  places  on  the  globe  where  the  fun  will  be 
vertical,  or  in  the  zenith  that  day. 

Having  found  the  fun’s  place  in  the  ecliptic 
for  the  given  day,  bring  the  fame  to  the  brazen 

LI  meridian, 
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meridian,  obferve  what  degree  of  the  meridian" 
is  over  it,  then  turn  the  globe  round  it’s  axis, 
and  all  places  that  pafs  under  that  degree  of  the 
meridian  will  have  the  fun  vertical,  or  in  the 
zenith  that  day,  i.  e.  di redly  over  the  head  of 
each  place  at  it's  refpedive  noon. 

PROBLEM  Vir. 

A place  being  given  in  the  torrid  zone,  to  find 
thofe  two  days  of  the  year  on  which  the  fun 
will  be  vertical  to  that  place. 

Bring  the  given  place  to  the  brazen  meridian, 
and  mark  the  degree  of  latitude  that  is  exadly 
over  it  on  the  meridian  ; then  turn  the  globe 
about  it’s  axis,  and  obferve  the  two  points  of  the 
ecliptic,  which  pafs  exadly  under  that  degree  of 
latitude,  and  look  on  the  horizon  for  the  two 
days  of  the  year  in  which  the  fun  is  in  thofe 
points  or  degrees  of  the  ecliptic,  and  they  are 
the  days  required ; for  on  them,  and  none  elfes 
the  fun’s  declination  is  equal  to  the  latitude  ol  the 
given  place. 


PROBLEM 
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PROBLEM  VIII. 

ii  * 

To  find  the  antoeci,  perioeci,  and  antipodes  of 
any  given  place. 

Bring  the  given  place  to  the  brazen  meridian, 
and  having  found  it’s  latitude,  keep  the  globe  in 
that  pofition,  and  count  the  fame  number  of  de- 
grees of  latitude  on  the  meridian,  from  the  equa- 
tor towards  the  contrary  pole,  and  where  the 
reckoning  ends,  that  will  give  the  place  of  the 
antoeci  upon  the  globe.  1'hofe  who  live  at  the 
equator  have  no  antoeci. 

The  globe  remaining  in  the  fame  pofition, 
bring  the  upper  XII  on  the  horary  circle  to  the 
meridian,  then  turn  the  globe  about  till  the  me- 
ridian points  to  the  lower  XII  ; the  place  which 
then  lies  under  the  meridian,  having  the  fame 
latitude  with  the  given  place,  is  the  perioeci  re- 
quired. 1 hofe  who  live  at  the  poles,  if  any,  have 
no  perioeci. 

As  the  globe  now  Hands  (with  the  index  at  the 
lower  XII,  the  antipodes  of  the  given  place  are 
'under  the  fame  point  of  the  brazen  meridian 
1 "’here  it’s  antoeci  flood  before. 


LI  2 
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PROBLEM  IX. 

To  find  at  what  hour  the  fun  rifes  and  fets  any 
day  in  the  year;  and  alfo  upon  what  point  of 
the  compafs. 

Rectify  the  globe  for  the  latitude  of  the  place 
you  are  in  ; bring  the  fun’s  place  to  the  meridian, 
and  bring  the  XII  to  the  meridian  ; then  turn  the 
fun’s  place  to  the  eaftern  edge  of  die  horizon, 
and  the  meridian  will  point  out  the  hour  of 
idling ; if  you  bring  it  to  the  weftern  edge  of  the 
horizon,  it  will  fhew  the  fetting. 

Thus  on  the  1 6th  day  of  March,  the  fun  rofe 
a little  pad  fix,  and  fet  a little  before  fix. 

Note : In  the  fummer  the  fun  rifes  and  fets  a 
little  to  the  northward  of  the  eaft  and  weft  points, 
but  in  winter,  a little  to  the  fouthward  of  them. 
If,  therefore,  when  the  fun’s  place  is  brought  to 
the  eaftern  and  weftern  edges  of  the  horizon,  you 
look  on  the  inner  circle,  right  againft  the  fun  s 
place,  you  will  fee  the  point  of  the  compafs 
upon  which  the  fun  rifes  and  fets  that  day. 
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PROBLEM  X. 

/ 

To  find  the  length  of  the  day  and  night  at  any 
time  of  the  year. 

Only  double  the  time  of  the  fun's  riling  that 
day,  and  it  gives  the  length  of  the  night;  double 
the  time  of  his  fetting,  and  it  gives  the  length  of 
the  day, 

i 

This  problem  fhews  how  long  the  fun  flays 
with  us  any  day,  and  how  long  he  is  abfent  from 
us  any  night. 

Thus  on  the  26th  of  May  the  fun  rifes  about 
four,  and  fets  about  eight ; therefore,  the  day  is 
fixteen  hours  long,  and  the  night  eight. 

PROBLEM  XI. 

To  find  the  length  of  the  longefl  or  fhorteft  day, 
at  any  place  upon  the  earth. 

Rectify  the  globe  for  that  place,  bring  the  be- 
ginning of  Cancer  to  the  meridian  ; bring  XII  to 
the  meridian,  then  bring  the  fame  degree  of 
Cancer  to  the  eaft  part  of  the  horizon,  and  the 
meridian  will  fhew  the  time  oi  tne  fun’s  rifing. 

LI  3 If 
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If  the  fame  degree  be  brought  to  the  weftern 
fide,  the  meridian  will  fhew  the  fctting,  which 
doubled  (as  in  the  laft  problem)  will  give  the 
length  of  the  longeft  day  and  fhorteft  night. 

If  we  bring  the  beginning  of  Capricorn  to  the 
meridian,  and  proceed  in  all  refpe&s  as  before, 
vve  fhall  have  the  length  of  the  longeft  night  and 
fhorteft  day. 

Thus  in  the  Great  Mogul’s  dominions,  the 
longeft  day  is  14  hours,  and  the  fhorteft  night 
10  hours.  The  fhorteft  day  is  10  hours,  and  the 
longeft  night  14  hours. 

At  Peterfburgh,  the  feat  of  the  Emprefs  of 
Ruflia,  the  longeft  day  is  about  19I  hours,  and 
the  fhorteft  night  4I  hours;  the  fhorteft  day  4! 
hours,  and  longeft  night  19  \ hours. 

Note : fn  all  places  near  the  equator,  the  fun 
rifesand  fets  at  fix  the  year  round.  From  thence 
to  the  polar  circles,  the  days  increafe  as  the  lati- 
tude increafes  ; fo  that  at  thofe  circles  them- 
felves,  the  longeft  day  is  24  hours,  and  the 
longeft  night  juft  the  fame.  From  the  polar  cir- 
cles to  the  poles,  the  days  continue  to  lengthen 

into  weeks  and  months;  fo  that  at  the  very  pole, 

the 
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*.he  fun  (bines  for  fix  months  together  in  fummer, 
and  is  abfent  from  it  fix  months  in  winter. 

Note : That  when  it  is  fummer  with  the  north- 
ern  inhabitants,  it  is  winter  with  the  fouthern, 
and  the  contrary  ; and  every  part  of  the  world 
partakes  of  an  equal  fhare  of  light  and  darknefs. 

PROBLEM  XII. 

To  find  all  thofe  inhabitants  to  whom  the  fun 
this  moment  rifingor  fetting,  in  their  meridian 
or  midnight. 

Find  the  fun’s  place  in  the  ecliptic,  and  raife 
the  pole  as  much  above  the  horizon  as  the  fun 
(that  day)  declines  from  the  equator  ; then  bring 
the  place  where  the  fun  is  vertical  at  that  hour  to 
the  brafs  meridian  ; fo  will  it  then  be  in  the  ze- 
nith or  center  of  the  horizon.  Now  fee  what 
countries  lie  on  the  vveftern  edge  of  the  horizon, 
for  in  them  the  fun  is  rifinff ; to  thofe  on  the 
eaftern  fide  he  is  fetting ; to  thofe  under  the  upper 
part  of  the  meridian  it  is  noon  day  ; and  to  thofe 
under  the  lower  part  of  it,  it  is  midnight. 
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Thus  on  the  25th  of  April,  at  fix  o’clock  in 
the  evening,  at  Worcefier, 

The  fun  is  rifing  at  New  Zealand  ; and  to  thofe 
who  are  failing  in  the  middle  of  the  Great  South 
Sea. 

The  fun  is  fetting  at  Sweden,  Hungary,  Italy, 
Tunis,  in  the  middle  of  Negroland  and  Guinea. 

In  the  meridian  (or  noon)  at  the  middle  of 
Mexico,  Bay  of  Honduras,  middle  of  Florida, 
Canada,  &c. 

Midnight  at  the  middle  of  Tartary,  Bengal, 
India,  and  the  feas  near  the  Sunda  ifles. 

PROBLEM  XIII. 


To  find  the  beginning  and  end  of  twilight. 

The  twilight  i$  that  faint  light  which  opens 

the  morning  by  little  and  little  in  the  ca*T,  before 

the  fun  rifes ; and  gradually  {huts  in  the  evening 

in  the  weld,  after  the  lun  is  fet.  It  arifes  from 

the  fun’s  illuminating  the  upper  part  of  the  atmo- 

fphere,  and  begins  always  when  he  approaches 

within 
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within  i 8 degrees  of  the  eaflern  part  of  the  hori- 
zon, and  ends  when  he  defcends  i 8 degrees  below 
the  we  hern ; when  dark  night  commences,  and 
continues  till  day  breaks  again. 

To  find  the  beginning  of  twilight,  reftify  the 
globe;  turn  the  degree  of  the  ecliptic,  which  is 
oppofite  to  the  fun’s  place,  till  it  is  elevated  18 
degrees  in  the  quadrant  of  altitude  above  the 
horizon  on  the  weft,  lb  will  the  index  point  the 
hour  twilight  begins. 

This  Ihort  fpecimen  of  problems  by  the  old 
globes,  it  is  prefumed,  will  be  fufftcient  to  enable 
£he  pupil  to  folve  any  other. 
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ESSAY  III. 

PART  I. 

A DESCRIPTION  OF 

SEVERAL  INSTRUMENTS, 

WHICH  ARE  DESIGNED  TO  ILLUSTRATE  THE 
GENERAL  PRINCIPLES  OF  ASTRONOMY. 


IN  purfuancc  of  my  original  plan,  i proceed 
to  defcribe  thofe  instruments  that  have  been 
contrived  to  facilitate  the  progrefs  of  aftronomy 
and  geography.  By  their  alMance,  the  Iedhirer 
and  teacher  are  enabled  to  imprefs  more  ftrongly 
on  their  pupils,  the  principles  defigned  to  be 
cultivated.  The  pupil,  by  refolving  a problem, 
or  explaining  any  particular  phenomenon  by  an 
inftrument,  ftrengthens  the  faculties  of  his  mind, 

and 
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and  realizes  tohimfelfby  the  eye  and  the  touch* 
what  would  otherwife  have  left  but  a faint  and 
impeded  trace  upon  his  memory. 

To  reprefent  by  machines  the  motion  and 
various  afpeds  of  the  heavenly  bodies,  to  fhew 
by  them  the  parallelifm  of  the  earth’s  axis,  toge- 
ther with  it’s  diurnal  and  annual  motions ; and  by 
this  means  to  explain  the  beautiful  variety  ol  the 
feafons,  and  other  celeftial  and  terreftrial  phe- 
nomena, has  ever  been  confidered  as  one  ol  the 
nobleit  efforts  of  mechanical  genius. 

It  is  the  bufinefs  of  this  effay  to  deferibe  the 
moil  modern  inflruments  that  have  been  contri- 
ved for  this  purpofe.  But  among  the  various 
methods  that  have  been  imagined,  to  exhibit  to 
the  uninformed  eye  the  motion  ol  the  heavenly 
bodies,  there  is  none  whofe  effed  is  fo  finking  as 
the  Eidouranion  of  Mr.  Walker  j and  I mull 
own,  I do  not  remember  ever  to  have  received 
more  pleafure  than  I did  upon  feeing  the  curtain 
draw  up,  and  beholding  the  planetary  bodies  in 
motion,  in  this  beautiful  machine.  A deferip- 
tion  of  it  does  not  come  within  the  limits  of  this 
effay,  as  it’s  effeds  are  only  finking  when  it  is 
made  upon  a very  large  feale. 
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The  three  fir  ft  that  I fltall  defcribe  are  repre- 
fented  in  plate  V.  plate  XV.  and  plate  XVI; 
the  one  is  a manual  planetarium,  the  other  a 
Ample  tellurian,  the  third  a lunarium:  thefe 
three  ought  to  accompany  every  pair  of  globes; 
they  are  rendered  as  Ample  as  poflible,  in  order 
to  reduce  the  price,  that  much  real  knowledge 
may  be  attained  at  an  eafy  rate. 

Plate  XVII.  fig.  r,  and  plate  XVIII.  fig.  , 
and  2,  reprefent  what  I deem  to  be  the  com- 
pletcft  inftrument  of  the  kind : it  is  fo  contrived 
as  to  exhibit,  with  the  greateft  accuracy  and 
perfpicuity,  the  phenomena  of  the  earth  and 
heavens ; being  the  moil  comprehenfive,  and  at 
the  fame  time  the  leaft  defective. 

Plate  XIX.  reprefents  an  elegant  and  neat 
planetarium,  tellurian,  and  lunarium,  in  one 
inftrument,  the  whole  moving  by  wheel-work. 

Fig-  i and  2,  plate  XIII.  two  armillary 
lpheres ; a planetarium  is  included  in  that  of 
g- 1,  plate  XIII.  fig.  2 is  an  armillary  fphere 
y w Inch  the  real  an*l  apparent  motion  of  the 
earth  and  heavens  may  be  iiluftrated  and  ex- 
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\ Descirption  of  the  three  Instruments 

REPRESENTED  IN  PLATE  V.  I LATE  XV.  AND 

Plate  XVI. 

In  this  part  we  fhall  fuppofe  the  reader  be 
acquainted  with  thofe  definitions  that  we  have 
had  occafion  to  introduce  in  the  preceding  parts 
of  this  work ; thefe  being  remembered,  he  m\\ 
meet  with  little  or  no  difficulty  in  the  follow- 
ing pages. 

Plate  XV.  reprefents  a manual  planetarium,  or 
one  in  which  the  planets  muft  be  moved  by  hand, 
without  the  affiftance  of  wheel-work. 

First.  A Description  of  the  Planetarium, 
REPRESENTED  AT  PLATE  XV. 

A planetarium  may  be  confidered  as  a diame- 
trical fection  of  our  univerfe,  in  which  the  upper 
and  lower  hemifpheres  are  fuppreffed : the  fun  IS 
reprefented  by  a brafs  ball  © placed  in  Renter 
of  i the  inftrument ; round  about,  but  at  different 
diftances,  the  planets  are  placed  thus  on  the 
fem : near  the  fun  is  Mercury  5 . then  Venus  ? , 
the  F-arth  ©,  Mars  Jupiter  %,  and  laffly 
Saturn  lj. 

The 
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The  fecondary  ones  are  placed  about  the  pri- 
mary ones ; thus  about  the  earth  there  is  one 
little  ball  to  rcprefent  the  moon,  about  Jupiter 
lour,  and  about  Saturn  are  five  befides  his  ring. 

Upon  the  plate  of  the  planetarium  are  placed, 
in  two  oppofite  circles,  the  ecliptic,  and  the 
calendar  of  months,  by  which  means  the  planets 
may  be  let  to  their  mean  places  in  the  ecliptic 
for  any  day  of  the  year. 

Imperfedt  as  this  inftrument  may  appear,  it 
will  greatly  affift  the  tutor  in  communicating  to 
his  pupil  general  ideas  of  the  order,  number, 
phafes,  relative  politions,  and  motion  of  the 
celeftial  bodies. 

You  may  turn  either  of  the  planets  round  by 
laying  hold  of,  and  removing  the  brafs  bar  which 
fupports  them*  In  thus  imitating  their  different 
revolutions,  it  will  be  very  obvious  that  if  each 
of  them  left  a tiace  behind  of  their  motions, 
there  would  be  fix  concentric  circles  deferibed 

about  the  brafs  ball  reprefenting  their  different 
orbits. 

0 

A fecond  obfervation  may  be  very  properly 
that,  which  has  been  inliffed  on  in  the  firft  eflay 

M m of 
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of  this  work,  page  17,  namely,  that  the  motions 
of  the  planets  are  regular  and  harmonious  as 
feen  from  the  fun;  the  pupil,  by  fuppofing  him- 
felf  fituated  on  the  brafs  ball,  and  viewing  the 
motion  of  the  planets  from  thence,  will  find  the 
idea  pleafingly  arid  fully  iiluft rated . 

Let  him  afterwards  fuppofe  himfelf  to  be 
fituated  on  the  earth,  and  he  will  foon  find,  that 
it  is  his  fituation  which  is  the  fource  or  appaient 
irregularity.  If  he  confiders  the  motions  of  the 
planets  Venus  and  Mercury,  he  will  find  that  in 
one  part  of  their  orbit,  they  pafs  between  us  and 
the  fun:  this  is  called  their  inferior  conjunction, 
while  in  the  oppofite  part  they  pafs  on  beyond, 
or  on  the  other  fide  of  the  fun,  which  is  called 

their  fuperior  conjunction. 

Here  alfo  it  becomes  very  evident,  that  neither 
of  thefe  planets  can  ever  appear  at  a great  dis- 
tance from  the  fun.  The  tutor  may  eafily  ex- 
plain this,  and  what  is  alfo  meant  by  the  elon- 
gation of  a planet,  by  applying  the  doubled  end 
of  a piece  of  thread  to  the  globe  that  reprefents 
the  earth  ; one  of  the  ends  of  the  thread  clofe  to 
the  Item  of  the  fun,  and  the  other  end  to  that  of 
Venus  and  Mercury  ; he  will  then  find  on  mov- 
ing the  planets  round,  that  they  can  never  appear 
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far  from  the  fun,  and  that  Mercury  recedes  lefs 
from  him  than  Venus ; the  angle  obferved  by 
this  means  would  coincide  exadlly  with  that  of 
the  heavens,  it  the  arms  of  the  planetarium 
were  at  a fufficient  length  to  reprefcnt  the  pro- 
portional di  fiances  of  the  planets  from  each  other. 
It  is  becaufe  Mercury  removes  fo  little  from  the 
lun,  that  he  is  fo  feldom  feen. 

The  pupil  will  find  that  the  fuperior  planets. 
Mars,  Jupiter,  or  Saturn,  are  fometimes  feen  in 
diredl  oppofition  to  the  fun,  having  the  earth 
between  them  and  it;  they  are  at  other  times 
feen  in  conjunaion  with  the  fun,  or  on  the  con- 
trary fide  of  it. 

The  phafes  of  the  planets  are  illuftrated  by 
placing  a tmall  lamp,  or  a piece  of  candle,  in  the 
center  of  the  machine,  indead  of  the  brals  ball 
that  reprefents  the  fun. 

The  planets  when  moving,  are  continually- 
varying  their  didances  from  the  earth,  and  con- 
fequently  cannot  appear  to  move  with  an  uniform 
Velocity;  for  they  will  be  feen  to  move  faded 
when  they  are  neared  the  earth,  and  (lowed 
when  they  are  mod  remote  from  it ; hence  alfo 

M m 2 they 
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they  appear  much  larger  at  one  time  than  at 
another. 

The  teacher  may  by  this  inbrument  make  it 
obvious  to  his  pupil,  why  the  planets  appear  to 
move  fometimes  direct,  at  others  bationary  or 
retrograde  ; by  extending  a bring  from  the  earth 
over  either  of  the  planets,  and  to  fome  dibance 
beyond  them,  and  keeping  it  over  them  during 
a revolution. 

By  the  planetarium,  the  pupil  will  receive  the 
moft  fatisfa&ory  evidence  of  the  truth  of  the 
Copernican,  and  the  errors  of  the  Ptolemaic 
fybem.  For  on  removing  the  brafs  ball  from 
the  center,  and  placing  in  it’s  bead  a fmall  ivory 
one  to  reprefent  the  earth,  and  placing  a fmall 
brafs  ball  inftead  of  the  ivory  earth,  the  inbru- 
ment will  then  exhibit  the  btuation  of  the  plane- 
tary bodies  according  to  the  Ptolemaic  fybem. 

It  is  plain,  that  in  this  fybem,  in  which  the 
earth  is  made  the  center  of  the  motion  of  the 
heavenly  bodies,  i.  That  their  motions  would 
all  have  been  the  fame  way,  or  from  web  to  cab 
continually ; whereas  in  the  heaven  they  are  feen 

to  move  fometimes  from  web  to  eab,  at  others 

from 
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~rom  ead  to  wed:,  while  at  other  times  they  are 
da  t ion  ary.  2.  They  would  in  this  cafe  appear 
to  move  with  an  uniform  velocity  ; whereas  they 
are  always  oblerved  to  move  with  a variable  one. 
3-  On  the  fuppofition  that  the  earth  was  the 
center  of  the  fydem,  it  is  evident  from  the 
indrument,  that  any  of  the  planets  might  be  feen 
at  all  di dances  from  the  fun,  or  that  Mercury  or 
Venus  might  be  feen  when  the  fun  is  fetting,  not 
only  in  the  fouth,  but  even  in  the ead,  fixations 
in  which  they  were  never  feen  by  any  obferver. 
4*  Vhe  planets  v^enus  and  Mercury  being,  accord- 
ing to  this  hypothesis,  within  the  orbit  of  the 
fun,  could  never  be  feen  to  go  behind  or  beyond  ; 
but  from  obfervation  we  find  them  as  often  be- 
hind  as  before  the  fun.  To  remedy  thefe  imper- 
fedions  in  his  fydem,  and  reconcile  it  with 
nature,  Ptolemy  was  obliged  to  introduce  various 
circles,  into  which  he  fuppofed  the  planets  to 
deviate  in  their  revolutions  round  the  earth ; 
thus  multiplying  caufes  without  neceflity,  and 
rendering  that  perplexed,  which,  when  rightly 
iconfidered,  is  found  to  be  fimple. 
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Description  of  the  Tellurian  repr.esent£R 
at  Fig.  i,  Plate  V. 

'This  is  the  moll  fimple  tellurian  that  is  made  5 
my  endeavours  in  conftructing  it  ha\e  been  to 
form  an  inftrument  that  fhould  render  the  phae- 
nomena  of  the  feafons  clear  to  the  youngeft  pupil. 

It  confifls  of  four  fmall  globes,  A,  B,  C,  D, 
defigned  to  reprefent  our  earth  at  the  four  princi- 
pal feafons  of  the  year,  Jummpr  and  winter, 
fpring  and  autumn.  Thefe  globes  are  all  in- 
clined in  an  angle  of  66  i degrees  to  the  plane  of 
the  ecliptic ; in  the  center  of  the  inflrument  a 
brafs  ball  is  placed,  to  reprefent  the  fun  ; there  is 
alfo  a fmall  pillar,  on  the  top  of  which  are  placed 
feveral  wires,  parallel  to  each  other,  to  repreient 
parallel  rays  proceeding  from  the  fun  ; to  each 
globe  there  is  a black  hemifphere,  placed  oppo- 
fite  to  the  fun,  dividing  the  enlightened  from  the 
unenlightened  parts  of  the  globe  ; one  of  thefe 
black  hemifpheres  may  be  taken  oil  occafionally, 
and  the  globe  be  removed  from  it’s  fituation. 
There  is  alfo  a circle,  which  is  not  reprefented  in 
the  plate;  this  circle  is  placed  at  the  height  of 
the  earth’s  center,  and  is  intended  to  reprefent  the 
orbit  of  the  earth  ; four  pieces  of  wire  are  placed 

at  the  four  quarters  of  this  circle,  having  the 
1 fan* 
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iamc  inclination  to  it  that  the  axis  of  the  earth 
has  to  the  plane  of  it’s  orbit,  to  give  a clear  idea 
of  what  is  meant  by  the  inclination  of  the  axis  of 
the  earth,  and  what  by  it’s  parallelifm. 

I . 

To  explain  the  required  phenomena  by  this 
inftrument,  the  tutor  has  only  to  affume  two 
propositions  : 1.  That  a globular  luminous  body 
fending  out  parallel  rays,  will  only  enlighten  one 
halt  of  another  globe,  and  confequemly  that  he- 
mifphere  only  is  illuminated  which  is  turned 
towards  the  luminous  body.  2.  That  the  globe 
moves  round  the  luminous  body  in  fuch  a man- 
ner, that  in  all  parts  of  it’s  orbit,  it’s  axis  may 
be  parallel  to  itfelf,  and  have  a certain  inclination 
to  the  plane  of  the  orbit. 

When  the  earth  is  in  the  firft  point  of  Capri- 
corn, the  fun  will  appear  in  the  firft  point  of 
Cancer ; in  this  iituation,  which  is  that  of  the 
ball  A,  fig.  i,  plate  V.  the  north  pole  is  turned 
towards  the  fun,  and  that  part  of  the  globe  fitua- 
ted  within  the  anftic  circle,  lies  wholly  in  the 
enlightened  hemifphere,  and  has  no  night ; while 
the  fouth  pole,  and  it’s  polar  circle,  being  totally 

turned  from  the  fun,  are  quite  involved  in  dark- 
fiefs. 
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In  this  pofition  of  the  earth,  the  inhabitants  of 
the  northern  hemifphere  will  have  their  days  at 
the  longeft,  and  their  nights  at  the  fhorteft ; and 
the  length  of  the  longeft  days  are  greater,  accord- 
ing as  the  place  is  further  removed  from  the 
equator,  till  it  reaches  the  polar  circle,  from 
whence  to  the  pole  there  is  at  this  fealon  continual 
day,  and  the  feafon  is  that  of  fummer  : while 
all  the  inhabitants  on  the  fouth  fide  of  the  equator 
will  have  their  nights  the  longeft,  and  their  days 
the  fhorteft  ; becaufe  the  greateft  portion  ol  the 
parallels  which  they  deferibeby  the  diurnal  mo- 
tion of  the  earth,  are  in  darknefs,  and  the  leaft  in 
the  light  ; the  feafon  of  the  year  to  them  at  this 
time  is  winter. 

To  render  this  fubject  clearer  to  the  pupil,  let 
the  tutor  now  refer  him  to  the  oppohte  fttuation 
of  the  globe  at  C,  when  the  earth  is  in  the  fiift 
point  of  Cancer,  and  the  fun  is  feen  in  the  firft 
point  of  Capricorn.  Here  the  northern  polar  cir- 
cle is  all  involved  in  darknefs,  and  has  no  day  • 
while  the  fouthern  is  entirely  within  the  light, 
and  to  the  inhabitants  thereof  there  is  no  night. 
It  is  now7  winter  in  the  northern  hemilphere, 
and  the  days  are  fhorter  than  the  night ; while  in 
the  fouthern  hemifphere,  the  days  are  at  the 

longeft.  If  the  hemifphere  be  now  removed 

from 
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from,  the  globe  which  is  at  Capricorn,  and  the 
globe  1 licit  he  taken  out,  and  brought  near  to 
that  at  Cancer,  keeping  the  axis  parallel  to  it’s 
former  lituation,  the  young  mind  will  immedi- 
ately perceive  how  the  beautiful  viciflicude  in  the 
lealons  is  elicited,  merely  by  the  inclination  of 
the  earth's  axis  to  the  plane  of  it's  orbit,  and  the 
parallchfm  ol  it’s  axis  during  it's  annual  courfe. 


When  the  globe  is  at  the  fir  11  point  of  Aries, 
as  at  D,  and  the  lun  appears  to  be  in  the  firlt 
point  ol  l,iora ; the  circle  of  illumination 
touches  both  poles,  and  the  fun  is  vertical  to 
the  equator;  the  axis  inclines  fideways  to  the 
fun,  fo  that  the  earth  is  enlightened  from  pole 
to  pole,  and  the  days  and  nights  are  equal  at  all 

places  of  the  earth,  and  the  feafon  is  that  of  the 
yernal  equinox. 


en  the  earth  is  at  Libra,  the  fun  appears  in 

■ ties;  the  earth  is  again  enlightened  from  pole 

to  pole,  and  the  days  and  nights  are  again  every 
Where  equal.  J 

As  there  are  a4  meridian  femicircles  drawn  on 
j ° 1 1C  bribes,  all  meeting  at  their  poles, 

‘ , aS  °"e  rotation  of  the  earth  on  it's  axis  is 

P i ormed  ,n  24  hours,  each  of  thefe  meridians 
3 

IS 
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is  an  hour  difiant  from  the  other  in  every  parallel 
of  latitude.  You  may,  therefore,  find  how  long 
the  day  is  at  any  place  of  the  earth,  in  either  ot 
the  four  fixations,  by  counting  how  many  of 
thefe  meridians  are  in  the  light  in  the  parallel  of 
latitude  of  the  given  place;  this  number  being 
fubt  rafted  from  24  hours,  will  give  the  length  ot 

the  night. 

In  all  portions  of  the  earth,  half  the  equator  is 
always  in  the  light,  and  half  in  darknefs;  there- 
fore, at  the  equator  the  days  and  nights  are  all 


If  you  take  off  the  cap  of  the  globe  which  is 
moveable,  then  remove  it  from  its  place,  and 
hold  it  in  the  four  cardinal  fituations  in  which  the 
others  are  fixed,  but  with  the  axis  perpendicular 
to  the  plane  of  the  ecliptic  ; you  will  find  that  the 
feafons  would,  in  this  cafe,  have  been  always  the 
fame,  without  any  alteration,  and  the  days  and 
nights  of  the  fame  length  at  all  places,  through- 
out the  whole  year  : only  at  the  poles  there  would 
be  hardly  either  day  or  night,  the  fun  neither 
rifing  above,  norfetting  below  the  horizon,  but 
going  round  the  fame  continually,  with  one-hall 

of  his  difc  in  view.  This  is  what  would  really 

happen, 
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happen,  if  the  axis  of  the  earth  did  not  incline  to 
the  plane  of  it’s  orbit. 

Description  of  the  Lunarium,  which 

REPRESENTED  AT  Fl  C.  I,  PLATE  XVI. 

% 

A B is  the  bafe  of  the  inftrument,  on  which 
there  are  two  circles,  one  with  the  figns  of  the 
ecliptic,  the  other  with  the  days  of  the  month 
correfponding  thereto,  for  the  readier  fetting  the 
moon  or  her  nodes  to  their  refpedive  places. 

CDEF  an  inclined  brafs  plane,  GHIK 
another  plane  parallel  to  the  former,  and  fup- 
poi  ted  by  two  brafs  props  ; the  inner  edge  of  this 
ring  nearly  touches  the  artificial  moon,  and  rc- 
prefeijts  the  plane  of  the  moon’s  orbit. 

The  moon  is  fometimes  on  the  north  fide,  and 
iometimes  on  the  fouth  fide  of  the  ecliptic,  which 
is  called  her  latitude ; the  degrees  and  parts 
thereof  are  engraved  from  each  node  to  the  high- 
eft  and  loweft  part  of  her  orbit,  which  is  5 deg. 

1 8 min.  on  each  fide  of  the  nodes. 

The  two  nodes  lie  in  the  plane  of  the  ecliptic, 

. n thofe  parts  of  the  moon’s  orbit  where  the 
w ires  that  fupport  it  are  fixed.  That  from  which 

the 
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the  moon  begins  to  afcend  northward,  above  the 
ecliptic,  is  called  the  afcend ing  or  north  node,  as 
the  oppofite  one  from  which  the  moon  defcends 
fouthward,  below  the  ecliptic,  is  called  her 
defending  node.  They  always  keep  oppofite  to 
each  other,  and  move  backward  through  all  the 
figns  of  the  ecliptic,  in  about  nineteen  years  ; on 
each  fide  of  them  both  is  engraved  a fmall  fun  at 
1 8 degrees,  and  a fmall  moon  1 2 degrees  difiant 
from  them  ; thefe  are  the  limits  of  eclipfes,  the 
firft  of  the  fun,  and  the  other  of  the  moon.  In 
ufing  this  indrument,  the  brafs  ball  reprefenting 
the  fun,  is  fuppofed  to  be  on  the  table,  oppofite 
to  it’s  place  in  the  ecliptic,  for  the  given  time ; 
and  that  the  moon’s  nodes  are  alio  let  to  then 
place  in  the  ecliptic. 

If  the  moon’s  orbit  coincided  with  the  plane  of 
the  ecliptic,  there  would  be  an  ccliplc  of  thu 
fun  at  every  new  moon;  becaufe  the  moon’s 
fhadow  then  palfing  over  fome  parts  of  the  earth, 
would  deprive  them  of  the  fun  s light ; but  be- 
caufe the  fun  is  a great  luminous  body,  and  the 
moon  a fmall  opake  one,  her  fhadow  will  be 
conical,  and  can  only  cover  a fmall  part  of  the 
earth  at  once ; and  therefore  there  would  be 
feveral  fuch  eclipfes  invifible,  though  at  noon 

day,  to  a great  many  places  on  the  earth,  hhc 

moon 
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moon  would  alfo,  every  time  flic  was  oppofite  to 
the  lun,  pafs  through  the  fhadow  of  the  earth, 
and  undergo  a total  eclipfe  to  all  thofe  inhabitants 
of  the  earth  to  whom  it  was  vilible. 


But  as  the  fun  and  the  earth  are  always  in  the 
plane  of  the  ecliptic,  and  the  moon’s  orbit  is  in- 
clined to  it,  and  cuts  it  only  in  the  nodes,  it  is 
plain  there  can  be  no  eclipfes,  but  when  a right 
line  pa  fling  through  the  nodes  w'ould,  if  con 
tmued,  run  either  through,  or  nearly  by  the  fun 
at  the  time  of  new  or  full  moon  . and  from  the' 
time  that  this  happens  till  it  does  fo  a°ai „ is 

about  173  days,  or  near  half  a year,  fav°e  what 

allowance  is  to  be  mnrle  nf  a i 

d of  la  degrees  on  either 

fide  of  the  nodes,  within  which  the  fun  may  be 

CC  'P  ed : and  of  1 2 degrees,  within  which  the 
moon  may  fulfer  an  eclipfe. 

The  foregoing  circumflances  are  rendered 
evident  to  the  fen fes  and  the  mind,  by  means  of 

, ' Una™m=  Patt'ddarly  fb,  when  a candle,  or 
^ mp,  is  ubftitutcd  in  the  place  of  the  brafs  fun 
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Of  THE  most  IMPROVED 


planetarium,  lunarium, 

A NO 

tellurian. 


TH  E defcription  of  the  preceding  inftru- 
ments  is  in  a great  degree  applicable  to 
this  improved  planetarium  ; but  as  the  conflruc- 
tion  of  this  is  more  perfed,  and  as  it  is  alfo  more 
extenfive  in  ifs  ufe,  a fuller  defcription  is 
necelfary,  which  I give  the  more  readily,  as  the 
defcription  of  this  will  ferve,  with  very  few  altera- 
tions, for  the  greater  part  of  orreries,  &c. 

It  feems  highly  probable,  that  the  ancient* 
were  not  unacquainted  with  planetary  machines. 
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and  that  the  fame  powers  of  genius  which  led 
them  to  contemplate  and  reafon  upon  the  motion 
of  the  heavenly  bodies,  induced  them  to  realize 
their  ideas,  arid  form  inflruments  for  explaining 
them  ; and  we  may  fairly  prefumc,  that  thefe 
were  carried  to  no  fmall  degree  of  perfection, 
when  we  confider  that  of  one  Archimedes  was 
the  maker,  and  Cicero  the  encomiaft. 

1 he  inflrument  now  to  be  deferibed,  was  in- 
vented by  the  celebrated  Huygens;  though 
lince  his  time  it  has  been  afenbed  to  almoft  as 
many  inventors  as  makers ; each  deviation  in 
form,  the  mounting  it  in  this  mode  or  the  other, 
the  addition  of  a zodiac,  or  fome  fuch  flight 
changes,  have  been  deemed  by  many  of  fufficienc 
importance  to  give  them  a claim  to  the  title  of 
inventors be  it  fo.  Let  the  friend  of  feience 
encourage  every  humble  effort  to  improve  it,  and 
let  him  be  flow  a name  which,  though  it  may  in 
fome  mcafure  gratify  vanity,  yet  incites  to  labour, 
rather  than  by  contempt  check  the  ardour,  or 
difeourage  the  talents  which,  when  called  forth, 
may  be  of  the  greateft  fervice  to  fociety. 

. Fi&*  P,ate  XVII.  reprefents  the  planeta- 
num,  the  box  in  which  the  wheel-work  is 

contained 
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contained  that  moves  the  fix  primary  planets 
round  the  fun,  in  their  proper  periods  of  time, 
this  motion  being  communicated  to  them.  Ly 
turning  the  handle. 


On  the  upper  plate  of  the  planetarium,  there 
are  placed  in  two  oppoiite  circles,  con  efponding 
to  each  other,  the  iigns  of  the  ecliptic,  and  the 
days  of  the  month,  by  means  whereof  the  planets 
may  be  ealily  fet  to  their  mean  places  in  the  eclip- 
tic for  any  day  in  the  year. 


Through  the  center  of  the  plate  there  paffes  a 
ih-ong  ftem,  on  which  the  brafs  ball  © is  placed, 
which  reprefents  the  fun ; round  the  hem  are  the 
different  fockets,  which  carry  the  arms,  by 
which  the  balls  reprefenting  the  planets  are  hip- 

ported. 


The  planets  are  ivory  balls,  having  the  hemi- 
fphere  which  is  next  the  fun  white,  the  other 
black,  to  exhibit  their  refpetflive  phafes  to  each 
other.  The  planets  may  be  ealily  put  on  or  taken 
off  their  fockets,  asoccahon  requires. 


About  the  primary  planets  are  placed  the 

fecondary  planets,  or  moons,  which  are  in  this 

inftru- 
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kiftrument  only  moveable  by  hand  i but  when 
the  inffrument  is  fitted  up  on  a large  fcale,  and  in 
a more  expenfive  form,  even  thefe  are  put  in 
motion  by  the  wheel-work. 

The  planets  are  difpofed  in  the  following 
order  : in  the  center  is  the  brafs  ball  0 to  re- 
prefent  the  lun,  then  Mercury  Venus 
the  earth  ©,  Mars  , Jupiter  and  Saturn 
b J rhe  Georgium  Sidus  is  not  infer  ted,  becaufc 
it  would  not  only  enhance  the  expence,  but  it's 
motion  would  be  fo  flow,  as  to  render  it  incapable 
of  affording  either  amufement  or  inffrudlion.  By 
turning  the  handles,  they  all  move  about  the  fun 
from  weft  to  eaft,  with  the  fame  relative  veloci- 
ties and  periodical  times  that  they  have  in  the 
heavens. 

When  the  pupil  has  been  gratified  by  putting 
the  inftrunient  in  motion,  and  making  his  own 
obfervations  on  thofe  motions,  it  will  be  proper 
to  acquaint  him  w ith  the  names  of  the  different 
planets,  and  of  their  divifion  into  primary  and 
fecondary,  to  fliew  him  how  they  were  firft 
diftingui flied  from  the  fixed  ftars,  and  how  the 
length  of  their  periodic  revolution  was  difeovered. 
Here  it  will  be  proper  to  obferve  that  the  annual 
motion  of  the  earth,  or  the  time  it  takes  to  per- 

N n form 
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form  it’s  period  round  the  fun,  is  made  the  bafis 
to  which  the  others  are  compared; and  this  is  one 
of  the  reafons  why  the  months,  and  days  of  our 
months,  are  engraved  on  the  circle.  Having  ob- 
ferved  this,  the  planets  may  be  put  in  motion, 
and  they  will  be  found  to  revolve  round  the  re- 
prefentative  of  the  fun  in  their  proportionable 
times,  each  planet  always  completing  it’s  revo- 
lution in  the  fame  fpace  of  time,  in  periods 
regulated  and  proportioned  to  their  dihance  from 
the  fun  : the  curves  w'hich  they  deicribe  in  their 
revolution,  is  what  is  termed  their  orbit. 

In  order  to  aflifl  the  imagination  in  forming  an 
idea  of  the  vaft  dift ances  of  the  planets  from  the 
fun,  the  following  fuppofitions  have  been  made  : 
That  if  a body  projected  from  the  fun,  fhould  fly 
with  the  fwiftnefs  of  a cannon  ball,  that  is,  48a 
miles  every  hour,  this  body  would  reach  the 
orbit  of  Mercury  in  about  8 years,  276  days ; of 
Venus  in  16  years,  136  days  ; of  the  earth  in  22 
years,  226  days;  of  Mars  in  34  yeais,  iyodavs; 
of  Jupiter  in  1 17  years,  234  days;  and  the  orbit 
of  Saturn  in  215  years,  286  days. 

If  the  reader  fhould  think  this  idea  too  exten- 
sive, he  may  contract  it  in  the  following  manner, 

in 
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in  which  the  proportional  bulks  and  diffances  of 
the  fun  and  planets  are  confidered. 

The  dome  of  St.  Paul’s  is  145  feet  in  diameter. 
Suppofe  a globe  of  this  fize  to  reprefent  the  fun, 
tnen  a globe  of  9-/0  inches  will  reprefent  Mer- 
cury ; one  of  1 7 to  inches  Venus ; one  of  18 
inches  the  earth;  one  of  5 inches  diameter  the 
moon;  one  of  10  inches  Mars;  one  of  15  feet 
Jupiter ; one  ol  1 1 \ Saturn,  with  his  ring  4.  feet 

broad,  and  at  the  fame  diftance  from  his  body  all 
around. 

In  this  proportion,  fuppofe  the  fun  to  be  at  St. 
Paul’s,  Mercury  might  be  at  the  Tower  of  Lon- 
don, Venus  at  St.  James’s  palace,  the  earth  at 
Mary-le-bone,  Jupiter  at  Hampton-Court,  and 
Saturn  at  Cliefden.* 

As  the  general  phenomena  of  the  planetary 
fyftem  will  be  bed  underhood  by  an  induction  of 
particulars,  I fhould  advife  the  tutor  to  remove  all 
the  planets  but  thofe  whofe  motion  he  is  going  to 
explain.  For  inhance,  let  us  fuppofe  him  to  Lave 
only  the  earth.  Mars,  and  Venus.  Now  as  eaeh 
planet  moves  with  a different  degree  of  velocity, 

N n 2 they 

* Pergufon’s  ™es  and  Trafts,  p.  ,36. 
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they  are  continually  changing  their  relative  po* 
iitions.  Thus  on  turning  the  handle  of  the  ma- 
chine, he  will  find,  ift,  that  the  earth  moves 
twice  as  faff  as  Mars,  making  two  revolutions 
while  he  makes  one ; and  Venus,  on  the  other 
hand,  moves  much  fader  than  the  earth.  Second- 
ly that  in  each  revolution  of  the  earth  thele 
planets  continually  change  their  relative  pofitions, 
correfponding  feme  times  with  the  fame  point  of 
the  ecliptic,  but  much  oftener  with  different 
points. 


We  may  now  proceed  to  make  fome  obferva- 
tions  on  the  motions  of  Venus,  as  obferved  in  the 
planetarium.  If  confidered  as  viewed  fiom  the 
fun,  we  fhall  find  that  Venus  would  appear  at  one 
time  nearer  to  the  earth  than  at  anotlici  ; that 
fometimes  fine  would  appear  in  the  fame  part  of 
the  heavens,  and  at  others  in  oppofite  parts 
thereof. 


As  the  planets,  when  leen  from  the  fun, 
change  their  pofition  with  refpeet  to  the  earth, 
fo  do  they  alio,  when  feen  from  the  eaith,  change 
their  pofition  with  refpeet  to  the  fun,  being  fome- 
times nearer  to,  at  others  farther  from,  and  at 
times  in  conjunction  with  him. 


But 


But  the  conjunctions  of  Venus  or  Mercury, 
fecn  from  the  earth,  not  only  happen  when  they 
are  feen  together  from  the  fun,  but  a! fa  when 
they  appear  to  be  in  opposition  to  the  fclar  fpec- 
tator.  lo  ill  u ft  rate  this,  bring  the  earth  and 
Venus  to  the  firft  point  of  Capricorn  ; then  by 
applying  a firing  from  the  fun  over  Venus  and 
the  earth,  you  will  find  them  to  be  in  conjunction, 
or  on  the  fame  point  of  the  ecliptic. 

Whereas  if  you  turn  the  handle  rill  the  fun  is 
between  Venus  and  the  earth,  a fpedtator  in  the 
fun  will  fee  Venus  and  the  earth  in  oppofition ; 
but  an  inhabitant  of  the  earth  will  fee  Venus,  not 

in  oppofition  to  the  iun,  but  in  conjunction  with 
him. 

In  the  firft  conjunction  Venus  is  between  the 
iun  and  earth  ; this  is  called  the  inferior  conjunc- 
tion. In  the  fecond,  the  fun  is  fituated  between 
the  earth  and  Venus;  this  is  called  the  fuperior 
conjunction . 

After  either  of  thefe  conjunctions.,  Venus  will 
be  fecn  to  recede  daily  from  the  fun,  but  never 
departing  beyond  certain  bounds,  never  appear- 
irig  oppolite  to  the  fun;  and  when  fhe  is  feen  at 
the  greatefl  difiance  from  him,  a line  joining 
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her  center  with  the  center  of  the  earth,  will  be  a 
tangent  to  the  orbit  of  Venus. 

To  iliuflrate  this,  take  off  the  fun  from  it  s 
fupport,  and  the  ball  of  Venus  from  it  ’s  fupporting 
item  ; place  the  wire,  fig.  2,  plate  XVII.  fo 
that  the  part  P may  be  on  the  ftem  that  lupports 
the  earth,  and  a fimilar  focket,  fig.  3,  on  the  pin 
which  fupports  the  bail  of  Venus  ; the  wire  F is  to 
lie  in  a notch  at  the  top  of  the  focket,  which  has 
been  put  upon  the  fupporting  ftem  of  Venus  ; 
then  will  the  wire  reprefent  a vifual  ray  going 
from  an  inhabitant  of  the  earth  to  Venus.  By 
turning  the  handle,  you  will  now  find  that  the 
planet  never  departs  further  than  certain  limits 
from  the  fun,  which  are  called  it’s  greateft  elon- 
gations, when  the  wire  becomes  a tangent  to  the 
orbit ; after  which,  it  approaches  the  fun,  till  it 
arrives  at  either  the  inferior  or  fuperior  con- 

* , 4 ‘ ■ • * 

junction. 

It  will  alfo  be  evident  from  the  indruments, 
that  Venus,  from  her  fuperior  conjunction,  when 
Ihe  is  furtheft  from  the  earth,  to  the  time  of  her 
inferior  conjunction,  when  Ihe  is  neared,  fets 
later  than  the  fun,  is  feen  alter  fun-fet,  and  is, 
as  it  were,  the  forerunner  of  night  and  darknefs. 
But  from  the  inferior  conjunction,  till  die  comes 
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the  fuperior  one,  Hie  is  always  feen  weft  ward  of 
the  fun,  and  mud  consequently  fet  before  him  in 
the  evening,  and  rife  before  him  in  the  morning, 
foretelling  that  light  and  day  arc  tg  hand. 

Bring  Venus  and  the  earth  to  the  beginning  of 
Aries,  when  they  will  be  in  conjunction ; and 
turn  the  handle  for  nearly  225  days,  and  as  Venus 
moves  fader  than  the  earth,  die  will  be  come  to 
Aries,  and  have  finifhed  her  courfe,  but  will  not 
have  overtaken  the  earth,  who  has  moved  on  in 
the  mean  time  ; and  Venus  mud  go  on  for  Some 
time,  in  order  to  overtake  her. 


V 

Therefore,  if  Venus  diould  be  this  day  in  con- 
junction with  the  fun,  in  the  inferior  part  of  her 
orbit,  fhe  will  not  come  again  to  the  fame  con- 
junction till  after  i year,  7 months,  and  1 2 
days. 

It  is  alfo  plain,  by  infpe&ion  of  the  planeta- 
rium, that  though  Venus  does  always  keep  nearly 
at  the  fame  didance  from  the  fun,  yet  fhe  is  con- 
tinually changing  her  didance  from  the  earth; 
her  didance  is  greated  when  fhe  is  in  her  fupe- 
rior, and  lead  when  fhe  is  in  her  inferior  con- 
junflion. 

As 


Nn 
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5.68  DESCRIPTION  AND  USE 

As  Venus  is  an  opake  globe,  and  only  fhinc? 
by  the  light  lhe  receives  from  the  fun,  that  face 
which  is  turned  towards  the  fun  will  always  be 
bright,  while  the  opposite  one  will  he  in  dark- 
jnefs;  confequently,  if  the  fituation  of  the  earth 
be  fuch,  that  the  dark  fide  of  Venus  be  turned 
towards  us,  (he  will  then  be  jnvifible,  except  (he 
appear  like  a ifpot  on  the  difk  of  the  fun.  If  her 
whole  illuminated  face  is  turned  towards  the 
earth,  as  it  is  in  her  fuperior  conjunction,  (lie 
appears  of  a circular  form,  and  according  to  the 
different  portions  of  the  earth  and  Venus,  (he 
will  have  different  forms,  and  appear  with 
different  phafes,  undergoing  the  fame  changes  of 
form  as  the  moon.  Thefe  different  phafes  are 
feen  very  plain  in  this  instrument,  as  the  fide  of 
the  planet  which  is  oppofite  to  the  fun,  is  black- 
ened ; fo  that  in  any  position,  a line  drawn  from 
the  earth  to  the  planet,  will  reprefent  that  parr 
of  her  di(k  which  is  vifiblc  to  us. 

The  irregularities  in  the  apparent  motions  of 
the  planets,  is  a fubjedt  that  this  infirument  will 
fully  elucidate  ; and  the  pupil  will  find  that  they 
are  only  apparent,  taking  their  rife  from  the  fitu- 
ation and  motion  of  theobferver.  To  illufirate 
this,  let  us  fuppofe  the  above-mentioned  wire, 
when  connected  with  Venus  and  the  earth,  to 
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be  the  vifual  ray  of  an  obferver  on  the  earth,  it 
'w  ill  then  point  out  how  the  motions  of  Venus 
appear  in  the  heavens,  and  the  path  fixe  appears 
to  us  to  defcribe  among  the  fixed  liars. 

Let  Venus  be  placed  near  her  fuperior  con- 
junction, and  the  inftrument  in  motion,  the  wire 
will  mark  out  the  apparent  motion  of  Venus  in 
the  ecliptic.  Thus  Venus  will  appear  to  move 
eaftward  in  the  ecliptic,  till  the  wire  becomes  a 
tangent  to  the  orbit  of  Venus,  in  which  lituation 
the  will  appear  to  us  to  be  (iationary,  or  not  to  ad- 
vance at  all  among  the  fixed  liars ; a circumftance 
which  is  exceeding  vifibie  and  clear  upon  the 
planetarium. 

Continue  turning,  till  Venus  be  in  her  fuperior 
conjunflion,  and  you  will  find  by  the  wire,  or 
vifual  ray,  that  fne  now  appears  to  move  back- 
ward in  the  ecliptic,  or  from  eaft  to  weft,  till 
fhe  is  arrived  to  that  part  where  the  vifual  ray 
again  becomes  a tangenr  to  her  orbit.  In  which 
pofttion,  Venus  will  again  appear  ftationary  for 
fome  time  ; after  which,  fhe  will  commence  anew 
her  direCt  motion. 

Hence  when  Venus  is  in  the  fuperior  part  of 
her  orbit.  Hie  is  always  feen  to  move  direCtly, 

according 
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according  to  the  order  of  the  (igns  ; but  when 
fhe  is  in  the  inferior  part,  (he  appears  to  move 
in  a contrary  direction. 

What  has  been  fa  id  concerning  the  motions  of 
Venus,  is  applicable  to  thofe  of  Mercury  ; but 
the  conjunctions  of  Mercury  with  the  fun,  as 
well  as  the  times  of  his  being  direCt  ftationary  or 
retrograde,  are  more  frequent  than  thofe  of 
Venus. 


If  the  tutor  withes  to  extend  his  obfervations 
on  the  inftrument  to  Mars,  he  will  find  by  the 
vifual  ray,  that  Mars,  when  in  conjunction,  and 
when  in  oppofition,  will  appear  in  the  fame 
point  of  the  ecliptic,  whether  it  is  feen  from  the 
fun  or  the  earth  ; and  in  this  fituation  only  is  it's 
real  and  apparent  place  the  fame,  becaufe  then 
only  the  ray  proceeds  as  if  it  came  from  the  cen- 
ter of  the  univerfe. 

He  will  obferve,  that  the  direCt  motion  of  the 
fuperior  planets  is  fwifter  the  nearer  it  is  to  the 
conjunction,  and  flower  when  it  is  nearer  to 
quadrature  with  the  fun  ; but  that  the  retrograde 
motion  of  a fuperior  planet  is  fwifter  the  nearer 

it  is  to  oppofition,  and  flower  the  nearer  it  is  to 

quadra- 
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quadrature ; but  at  the  time  of  change  from  direct 
to  retrograde,  it’s  motion  becomes  infenfible. 

Of  all  the  prejudices  which  philofophy  con- 
tradicts, there  is  none  fo  general  as  that  the  earth 
keeps  it’s  place  unmoved.  This  opinion  feems 
to  be  univerfal,  till  it  is  corrected  by  inftrudtion, 
or  by  philofophicai  fpeculation.  Thofe  who 
have  any  tindture  of  education,  are  not  now  in 
danger  of  being  held  by  it ; but  they  find  at  firft 
a reluCtance  to  believe  that  there  are  antipodes, 
that  the  earth  is  fpherical,  and  turns  round  it’s 
axis  every  day,  and  round  the  fun  every  year. 
They  can  recollect  the  time  when  reafon  hr  up-- 
gled  with  prejudice  upon  thefe  points,  and  pre- 
vailed at  length,  but  not  without  lomc  efforts.* 

The  planetarium  gives  ocular  demonffration 
of  the  motion  of  the  earth  about  the  fun,  by 
fhewing  that  it  is  thus  only  that  the  celeflial  phe- 
nomena can  be  explained,  and  making  the  ab- 
lurdity  of  the  Ptolemaic  fyffem  evident  to  the 
fenfes  of  young  people.  Tor  this  purpofe, 
take  off  the  brafs  ball  which  reprefents  the  fun, 
and  put  on  the  fmall  ivory  ball  which  accom- 
panies the  inftrument  in  it’s  place,  to  reprefent 

the 
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the  earth,  and  place  a fmall  brafs  ball  for  the  fun, 
on  that  arm  which  carries  the  earth, 

i 

The  inftrument  in  this  Hate  will  give  an  idea  of 
the  Ptolemaic  fyftem,  with  the  earth  immoveable 
in  the  center,  and  the  heavenly  bodies  revolving 
about  in  the  following  order:  Mercury,  Venus, 
the  sun,  Mars,  Jupiter,  and  Saturn.  Now  in 
this  difpofition  of  the  planets,  feveral  circum- 
ftances  are  to  be  obferved,  that  arc  contrary  to 
the  real  appearances  of  the  celefhal  motions,  and 
which  therefore  prove  the  falfity  of  this 
fyftem. 

It  will  appear  from  the  inftrument,  that  on 
this  hypothefts  Mercury  and  Venus  could  never 
befecn  to  go  behind  the  fun,  from  the  earth,  be- 
caufe  the  orbits  of  both  of  them  are  contained 
between  the  fun  and  the  earth  ; but  thefe  planets 
are  feen  to  go  as  often  behind  the  fun  as  before  it ; 
we  may,  therefore,  from  hence  conclude,  that 
*his  fyftem  is  erroneous. 

It  isalfo  apparent  in  the  planetarium,  that  on 
this  fcheme  thefe  planets  might  be  feen  in  con- 
junction with,  or  in  oppofition  to  the  fun,  or  at 
tiny  diftance  from  it.  But  this  is  contrary  to 
experience ; for  they  are  never  feen  in  oppofition 
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to  the  fun,  nor  ever  recede  from  it  beyond  cer- 
tain limits. 

Again,  on  rhe  Ptolemaic  fyftem  all  the  planets 
would  be  at  an  equal  diftance  from  the  earth,  in 
all  parts  of  their  orbits,  and  would  therefore  ne- 
ceflarily  appear  always  of  the  fame  magnitude, 
and  moving  with  equal  and  uniform  velocities  in 
one  direction;  circumftances  which  are  known  to 
be  repugnant  to  obfervation  and  experience. 

To  uss  the  Instrument  as  a Tellurian, 
Plate  XVIII.  Fig.  i. 

The  fun,  the  earth,  and  the  moon,  are  bodies 
which,  from  our  connection  with  them,  are  fo 
interefting  to  us,  that  it  is  neceffary  to  enter  into 
a minute  detail  of  their  refpe&ive  phsenomena. 
To  render  this  inftrument  a tellurian,  all  the  pla- 
nets are  firft  to  be  taken  off,  the  piece  of  wheel- 
work  A B is  to  be  placed  on  in  their  Head,  in  fuch 
a manner,  that  the  wheel  c may  fall  into  the 
teeth  that  arc  cut  upon  the  edge  of  the  ecliptic. 
The  milled  nut  D is  then  to  be  fcrewed  on,  to 
keep  the  wheel-work  firmly  in  it's  place.  It  is 
beft  to  place  this  wheel-work  in  fuch  a manner, 

1 3t  tle  lndex  E ™y  Point  to  the  firft  of  June, 
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and  then  to  move  the  globe,  fo  that  the  north  pole 
may  be  turned  towards  the  fun. 

The  inftrument  is  now  ready  to  (hew,  in  an 
accurate  and  clear  manner,  all  the  phenomena 
ariOng  from  the  annual  and  diurnal  motion  of  the 
earth  ; as  the  globe  is  of  3 inches  diameter,  all 
the  continents,  leas,  kingdoms,  &c.  may  be 
dihinclly  feen  ; the  equator,  the  ecliptic,  tropics, 
and  other  circles,  are  very  vifible,  fo  that  the 
problems  relative  to  peculiar  places,  may  be 
fatisfaclorily  folved.  The  axis  of  the  earth  is  in- 
clined to  the  ecliptic  in  an  angle  of  66 f degrees, 
and  preferves  it’s  parallelifm  during  the  whole  ol 
it’s  revolution.  About  the  globe  there  is  a circle, 
to  reprefent  the  terminator,  or  boundary  be- 
tween light  and  darknefs,  dividing  the  enlight- 
ened from  the  dark  hemifphere.  At  N O is  an 
hour  circle,  to  determine  the  time  of  fun  rifing 
or  fetting. 

The  brafs  index  G reprefents  a central  folar 
ray;  it  ferves  to  fliew  when  it  is  noon,  or  when 
the  fun  is  upon  the  meridian  at  any  given  place  ; 
it  alfo  Ihews  what  hgn  and  degree  of  the  ecliptic 
on  the  globe  the  fun  deferibes  on  any  day,  and 
die  parallel  it  deferibes. 


The 
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The  plane  of  the  terminator  II  I pafTes 
through  the  center  of  the  earth,  and  is  perpen- 
dicular to  the  central  folar  ray.  The  index  E 
points  out  the  fun's  place  in  the  ecliptic  of  the 
mftniment  lot  any  given  day  in  the  year. 

The  full  thing  to  be  done,  is  to  rectify  the 
tellurian;  or  m other  words,  to  put  the  globe 
into  a polition  finiilar  to  that  of  the  earth,  for 
any  given  day.  Thus  to  rectify  the  tellurian  for 
the  21ft  of  June,  turn  the  handle  till  the  annual 
index  comes  to  the  given  day;  then  move  the 
globe  by  the  arm  K L,  fo  that  the  north  pole 
may  be  turned  towards  the  fun ; and  adjuft  the 
terminator,  fo  that  it  may  juft  touch  the  edoe  of 
the arftic  circle.  The  globe  is  then  in  the  (Na- 
tion of  the  earth  for  the  longeft  day  in  our  north- 
ern hemifphere,  the  annual  index  pointing  to  the 
firft  point  of  Cancer  and  the  21ft  of  June  ; bring 
the  meridian  of  London  to  coincide  with  the  cen- 
tral folar  ray,  and  move  the  hour  circle  N O,  till 
the  index  L points  toXlI;  we  then  have  the 

fuuation  of  London  with  refpeft  to  the  longeft 
day.  3 

Now  on  gently  turning  the  handle  of  the 
machine,  the  point  reprefenting  London  will, 

> t e rotation  of  the  earth,  be  carried  away 
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towards  the  eaft,  while  the  fun  feems  to  move 
weftward  ; and  when  London  has  arrived  at  the 
caftern  part  of  the  terminator,  the  index  will 
point  on  the  hour  circle  the  time  of  fun-fetting 
for  that  day;  continue  to  turn  on,  and  London 
will  move  in  the  fhaded  part  of  the  earth,  on  the 
other  fide  of  the  terminator ; when  the  index  is 
again  at  XII,  it  is  midnight  at  London;  by 
moving  on,  London  will  emerge  from  the  weft- 
ern  fide  of  the  terminator,  and  the  index  will 
point  out  the  time  of  fun-rifing,  the  fun  at  that 
inftant  appearing  to  rife  above  the  horizon  in  the 
eaft,  to  an  inhabitant  of  London. 

It  will  be  evident  by  the  inftrument,  while  in 
this  pofttion,  that  the  central  folar  ray,  during 
the  whole  revolution  ot  tne  earth  on  it  s axis, 
only  points  to  the  tropic  of  Cancer,  and  that  the 
fun  is  vertical  to  no  other  part  of  the  earth,  but 
thofe  that  are  under  this  tropic. 

By  obferving  how  the  terminator  cuts  the  se- 
veral parallels  of  the  glob^,  we  (hall  find  that  all 
thofe  between  the  northern  and  fouthern  polar 
circles  (except  the  equator)  are  divided  unequally 
into  diurnal  and  nodturnal  arches,  the  former 
being  greateft  on  the  north  fide  of  the  equator, 
and  the  latter  on  the  fouth  fide  of  it. 


In 
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In  this  pofition,  the  northern  polar  circle  is 
wholly  on  that  fide  the  terminator  which  is  near- 
efi  the  fun,  and  therefore  altogether  in  the  en- 
lightened hemifpheie,  and  the  inhabitants  thereof 
ertjoy  a continual  day.  In  the  fame  manijer,  the 
inhabitants  of  the  fouthern  polar  circle  centinue 
in  the  dark  at  this  time,  notwithstanding  the 
diurnal  revolution  of  the  earth;  it  is  the  annual 
motion  only  which  can  relieve  them  from  this 
lituation  of  perpetual  darknefs,  and  bring  to 
them  the  bleffings  of  day,  and  the  enjoyments  of 
fummer;  while  in  this  Hate  the  inhabitants  in 
north  latitude  are  nearefi  to  the  central  folar  ray, 
and  confequently  to  the  fun’s,  perpendicular 
beams,  and  of  courfe  a greater  number  of  his 
rays  will  fall  upon  any  given  place,  than  at  any 
other  time  ; the  fun’s  rays  do  now  alfo  pafs 
through  a lefs  quantity  of  the  atmofphere,  which, 
together  with  the  length  of  the  day,  and  the 
fhortnefs  of  the  night,  are  the  reafons  of  the  in- 
creafe  of  heat  in  fummer,  together  with  all  it  s 
other  delightful  effeds. 

While  the  earth  continues  to  turn  round  on 
its  own  axis  once  a day,  it  is  continually  ad- 
vancing from  weft  to  eafi,  according  to  the 
order  of  the  figns,  as  is  feen  by  the  progrefs  of 
the  annual  index  E,  which  points  fucceflively  to 
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all  the  figns  and  degrees  of  die  ecliptic  ; the  fun 
in  the  mean  time  feems  to  defcribe  the  ecliptic 
alfo,  going  from  weft  to  eaft,  at  the  diftance  of 
fix  figns  from  the  earth,  that  is,  when  the  earth 
really  fet$  out  from  the  firft  point  of  Capricorn, 
the  fun  feems  to  fet  out  from  the  firft  point  of 
Cancer,  as  is  plain  from  the  index. 

But  as  during  the  annual  revolution  of  the 
earth,  the  axis  always  remains  parallel  to  itfelf, 
the  fituation  of  this  axis,  with  relped;  to  the  fun, 
muft  be  continually  changing. 

As  the  eatdl  moves  on  in  the  ecliptic,  the 
northern  polar  circle  gets  gradually  under  the 
terminator,  fo  that  when  the  earth  is  arrived  at 
the  firft  point  of  Aries,  and  the  annual  index  is 
at  the  firft  point  of  Libra  on  the  22d  of  Septem- 
ber, this  circle  is  divided  into  two  equal  parts 
by  the  terminator,  as  is  alfo  every  other  parallel 
circle,  and  confequently  the  diurnal  and  noc- 
turnal arches  are  equal ; this  is  called  the  time  of 
equinox,  the  days  and  nights  are  then  equal  all 
over  the  earth,  being  each  of  them  12  hours 
long,  as  will  be  fecn  by  the  horary  index  L. 
The  central  folar  ray  G having  fucceffively 
pointed  to  all  the  parallels  that  may  be  fuppofed 
to  be  between  the  equator  and  the  tropic  of 

Cancer, 
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Cancer,  is  at  this  period  perpendicular  to  the  in- 
habitants that  live  at  the  equator. 

By  continuing  to  turn  the  handle,  the  earth 
advances  in  the  ecliptic,  and  the  terminator 
ihevvs  how  the  days  are  continually  decreafing, 
and  the  diurnal  arches  fhortening,  till  by  degrees 
the  whole  fpace  contained  by  the  northern  polar 
circle  is  on  that  fide  of  the  terminator  which  is 
oppolite  to  the  fun,  which  happens  when  the 
earth  is  got  to  the  fir  ft  point  of  Cancer,  and  the 
annual  index  is  at  the  firft  point  of  Capricorn,  on 
the  21  ft  of  December.  In  this  ftate  of  the  globe, 
the  northern  polar  circle,  and  alt  the  country 
within  that  fpace  have  no  day  at  all ; whilft  the 
inhabitants  that  live  within  the  fouthern  polar 
circle,  being  on  that  lide  of  the  terminator  which 
is  next  the  iun,  enjoy  perpetual  day.  By  this 
and  the  former  fituation  of  the  earth,  the  pupil 
will  obferve  that  there  are  nations  to  whom  a 
great  portion  of  the  year  is  darknefs,  who  are 
condemned  to  pafs  weeks  and  months  without 
the  benign  influence  of  the  folar  rays.  The 
central  folar  ray  is  now  perpendicular  to  the 
tropic  of  Capricorn  ; the  length  of  the  days  is 
invei  fly  what  it  was  when  the  fun  entered  Cancer, 
the  days  being  now'  at  their  ftiorteft,  and 
the  nights  longeft  in  the  northern  hemifphere ; 
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the  length  of  each  is  pointed  out  by  the  horary 

index. 

The  earth  being  again  carried  on  till  it  enters 
Libra,  and  the  fun  Aries,  we  (hall  again  have 
all  the  phenomena  of  the  equinoctial  fea- 
fons.  The  terminator  will  divide  all  the  parallels 
into  two  equal  parts ; the  poles  will  again  be 
in  the  plane  of  the  terminator,  and  confequently 
as  the  globe  revolves,  every  place  from  pole  to 
pole  will  defcribe  an  equal  arch  in  the  enlightened 
and  obfcure  hemifpheres,  entering  into  and 
going  out  of  each  exactly  at  fix  o clock,  as 
ihewn  by  the  hour  index. 

As  the  earth  advances,  more  of  the  northern 
polar  circle  comes  into  the  illuminated  hemi- 
fphere,  and  confequently  the  days  increafe  with 
us,  while  thofe  on  the  other  fide  the  equator  dc- 
creafe,  till  the  earth  arrives  at  the  firft  point  of 
Capricorn,  the  place  trom  which  we  firft  began 
to  make  our  obfervations. 

Take  off  the  globe  and  it's  terminator,  and  put 
on  in  it's  place  the  globe  which  accompanies  the 
inftrument,  and  which  is  lurnifhed  with  a me- 
ridian, horizon,  and  quadrant  ol  altitude ; the 
edge  of  the  horizon  is  graduated  from  the  eaft 
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viiid  weft,  to  the  north  and  fouth  points,  and 
within  thefe  divifions  are  the  points  of  the  com- 
pafs  to  the  under  fide  of  this  horizon  ; but  at  i 8 
degrees  from  it  another  circle  is  affixed,  torepre- 
fent  the  twilight  circle  j the  meridian  is  graduated 
like  the  meridian  of  a globe;  the  quadrant  of 
altitude  is  divided  into  degrees,  beginning  at  the 
zenith,  and  finithingat  the  horizon. 

This  globe,  if  the  horizon  be  differently  fet 
with  refped  to  the  folar  ray,  will  exhibit  the 
various  phaenomena  arifing  from  the  firuation 
of  the  horizon  with  refpeft  to  the  fun,  either  in 
a right,  a parallel,  or  an  oblique  fphere;  or 
having  fet  the  horizon  to  any  place,  you  will  fee 
by  the  central  folar  ray  how  long  the  fun  is  above 
or  below  the  horizon  of  that  place,  and  at  what 

point  of  the  compafs  he  rifes,  his  meridian  alti- 
tude, and  many  other  curious  particulars,  of 
vv  wc  a few  examples. 

Set  the  horizon  to  coincide  with  the  equator 
=nd  place  the  earth  in  the  firft  point  of  lubra  ’ 
then  will  the  globe  be  in  the  pofidon  of  a paral- 
lel fphere,  and  of  the  inhabitants  of  the  poles  at 
thatfeafon  oftheyear,  which  inhabitants  are  re, 
ptefented  by  the  pin  at  the  upper  part  of  the 
ouadrant  of  altitude ; the  handle  being  turned 

^ 0 3 round 
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round  gently,  the  earth  will  revolve  upon  it's 
axis,  and  the  folar  ray  will  coincide  with  the 
horizon,  without  deviating  in  the  lead  to  the 
north  or  fouth  ; fhewing,  that  on  the  2 1 ft  of 
March  the  fun  does  not  appear  to  rife  or  fet  to 
the  terreftrial  poles,  but  paftes  round  through  all 
the  points  of  the  compafs,  the  plane  oi  the  hou- 
zon  bife&ing  the  fun’s  difk. 


Now  place  the  horizon,  fo  that  it  may  coin- 
cide with  the  poles,  and  the  pin  reprefenting  an 
inhabitant  be  over  the  equator,  the  globe  in  this 
pofitio.n  is  faid  to  be  in  that  of  a right  fpheie  ; 
the  equator,  and  all  the  parallels  of  latitude,  aie 
at  right  angles,  or  perpendicular  to  the  horizon  ; 
by  turning  the  handle  till  the  earth  has  completed 
a year,  or  one  revolution  about  the  fun,  we  fhall 
perceive  all  the  folar  phenomena  as  they  happen 
to  an  inhabitant  at  the  equator,  which  are, 
1.  That  the  fun  rifes  at  fix,  and  fets  at  fix, 
throughout  the  year,  fo  that  the  days  and  nights 
there  are  perpetually  equal.  2.  That  on  the  21ft 
of  March,  and  22d  of  September,  the  fun  is 
in  the  zenith,  or  exaclly  oyer  the  heads  ot  the 
inhabitants.  That  one  half  of  the  year  between 
March  and  September,  the  fun  is  every  day  full 

north  and  the  other  half  between  September 

and 
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find  Maich,  is  full  fouth  of  the  ccjuator^  his  me- 
nchan  altitude  being  never  lefs  than  66 1 degrees. 

If  the  pin  reprefenting  an  inhabitant  be  now 

removed  out  of  the  equator,  and  fet  upon  any 
place  between  it  and  the  poles,  the  horizon  will 
not  then  pals  through  either  of  the  poles,  nor 
coincide  with  the  equator,  but  cut  it  obliquely, 
one-half  being  above,  the  other  half  below  the' 
horizon  ; the  globe  in  this  Hate  is  faid  to  be  in 
that  of  an  oblique  fphere,  of  which  there  are  as 
many  varieties  as  there  are  places  between  the 
equator  and  either  pole.  But  one  example  will 

be  fuffictcnt;  for  whatever  appearance  happens  to 

one  place,  the  fame,  as  to  kind,  happens  to 
every  other  place,  differing  only  in  degree,  as  the 
latitudes  differ.  Bring  the  pin,  therefore,  over 
London,  then  will  the  horizon  reprefent  the 
horizon  of  London,  and  in  one  revolution  of  the 
earth  round  the  fun,  we  lhall  have  all  the  folar 
appearances  through  the  four  feafons  clearly  ex- 
hibited, as  they  really  are  in  nature;  that  is  the 

earth  Handing  at  the  firft  degree  of  Libra,’  and 
tie  fun  then  entering  into  Aries,  the  meridian 
turned  to  the  folar  ray,  and  the  hour  index  fet  to 
All  you  will  then  have  the  globe  Handing  in 

, 'ame  P°fition  towards  the  fun,  as  our  earth 
at  noon  on  the  2tfi  of  March.  If  the 

Oo  4 handle 
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handle  be  turned  round,  when  the  folar  ray  cornea 
to  the  weftern  edge  of  the  horizon,  the  hour  in- 
dex will  point  VI,  which  (hews  the  time  of  fun- 
fetting  ; London  then  paffes  into,  and  continues 
in  darknefs,  till  the  hour  index  having  paffed  over 
XII  hours,  comes  again  to  VI,  at  which  time  the 
lolar  ray  gains  the  eaftern  edge  of  the  horizon, 
thereby  defining  the  time  of  fun-rifing  ; fix  hour* 
afterwards  the  meridian  again  comes  to  the  folar 
ray,  and  the  hour  index  points  to XII,  thereby  evi- 
dently demonftrating  the  equality  of  the  day  and 
night,  when  the  fun  is  in  the  equinoctial ; you 
may  then  alfo  obferve,  that  the  fun  rifes  due  eaft, 
and  fets  due  weft. 

3 

Continuing  to  move  the  handle,  you  will  find 
that  the  folar  ray  declines  from  the  equator  to- 
wards the  north,  and  every  day  at  noon  rifes 
hirrfier  upon  the  graduations  of  the  meiidian  than 
it  did  before,  continually  approaching  to  Lon- 
don, the  days  at  the  fame  time  growing  longer 
and  longer,  and  the  fun  riling  and  Petting  more 
and  more  towards  the  north,  till  the  21ft  of  June, 
when  the  earth  gets  into  the  firft  degree  of  Capri- 
corn, and  the  lun  appears  in  the  tropic  of  Cancer, 
riling  about  40  minutes  paft  III  in  the  morn- 
ing, and  Petting  about  20  minutes  paft  VIII  in 

the  evening;  and  after  continuing  about  feven 

hours 


OF  PLANETARIUM S,  &C.  585 

hours  in  the  nether  hemifphere,  appears  riling  in 
rhc  north-eaft  as  before.  From  the  21ft  of 
June  to  the  2 2d  of  September,  the  fun  recedes 
to  the  fouth,  and  the  days  gradually  decreafe  to 
the  autumnal  equinox,  when  they  again  become 
equal. 

During  the  three  fucceeding  months,  the  fun 
continues  to  decline  towards  the  fouth  pole,  till 
the  2 1 It  of  December,  when  the  fun  enters  the 
tropic  of  Capricorn,  rifing  on  the  fouth- eaft 
point  of  the  compafs  about  20  minutes  part  VIII 
in  the  morning,  and  fetting  about  40  minutes 
pafi:  III  in  the  evening,  at  the  fouth-weft  point 
upon  the  horizon  ; after  which,  the  fun  continues 
in  tne  dark  hemifphere  for  17  hours,  and  then 
appears  again  in  the  fouth-eaft,  as  before.  From 
the  21  ft  of  December  the  fun  returns  towards  the 
north,  and  the  days  continually  increafe  in  length 
till  the  vernal  equinox,  when  all  thinus  are  re- 

O 

ftored  in  the.  fame  order  as  at  the  beginning. 

O * 


Thus  all  the  varieties  of  the  feafons,  the  time 
of  fun  rifing  and  fetting,  and  at  what  point  of  the 
compafs ; as  alfo  the  meridian  altitude  and  decli- 
nation every  day  ot  the  year,  and  duration  of  twi- 
light,  and  to  what  place  the  fun  is  at  any  time 

vertical. 
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vertical,  are  fully  exemplified  by  this  globe  and 
its  apparatus. 

Before  we  quit  the  phenomena  particularly 
arifing  from  the  motion  and  pofuion  of  the 
earth,  let  the  globe,  with  the  meridian  and  hori- 
zon, be  removed,  and  the  ivory  ball  which  fits 
upon  the  pin  be  placed  thereon,  to  reprefent 
the  earth. 

As  the  axis  of  this  globe  (lands  perpendicular 
to  the  plane  of  the  ecliptic,  you  will  find  that  the 
folar  ray  continually  points  at  the  equator  of  this 
little  ball,  and  will  never  deviate  to  the  north  or 
fouth;  though  by  turning  the  handle,  the  ball  is 
made  to  complete  a revolution  round  the  fun. 
This  (hews  that  the  earth  in  this  pofition  would 
have  the  days  and  nights  equal  in  every  part  of 
the  globe,  all  the  year  long  ; and  that  the  variety 
of  the  feafons  is  owing  to  it’s  axis  being  inclined 
to  the  plane  of  it’s  orbit. 

Of  the  Lunarium,  Fig.  2,  Plate  XVIII. 

Having  thus  illuflrated  the  phtenomena,  which 
ariie  particularly  from  the  inclination  of  the 
earth’s  axis  to  the  plane  of  the  ecliptic,  from  it’s 
rotation  round  it’s  axis,  and  revolution  round  the 

fun  ; 
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tun  ; we  now  proceed  to  explain,  by  this  inftru- 
ment,  the  phenomena  of  the  moon  ; but  in  order 
to  this,  it  will  be  neceffary  to  fpeak  firft  of  the 
inftrument,  which  is  put  in  motion  like  the  pre- 
ceding one,  by  the  teeth  on  the  fixed  wheel;  it 
is  alfo  to  be  placed  upon  the  fame  focket  as  the 
tellurian,  and  confined  down  by  the  fame  milled 
nut ; the  hoping  ring  P Qjcprefents  the  plane  of 
the  moon’s  orbit,  or  path,  round  the  earth;  fo 
that  the  moon  in  her  revolution  round  the  earth 
does  not  move  parallel  to  the  plane  of  the  ecliptic, 
but  on  this  inclined  plane  ; the  two  points  of  this 
plane,  that  are  connected  by  the  brafs  wire,  are 
the  nodes,  one  of  which  is  marked  ft,  for  the  af- 
cending  node,  the  other  for  the  defcending 
node.  As  the  moon  isfometimes  on  the  north,  and 
fometimes  on  the  fouth  fide  of  the  ecliptic,  which 
deviations  from  the  ecliptic  are  called  her  north 
or  fouth  latitude  ; her  greatefi  deviation,  which  is 
when  file  is  at  her  highell  and  loweft  points, 
called  her  limits,  is  5 deg.  18  min. ; this,  with 
all  the  other  intermediate  degrees  of  latitude,  are 
engraved  on  this  ring,  beginning  at  the  nodes, 
and  numbered  both  ways  from  them.  At  each 
fide  of  the  nodes  we  find,  at  about  iS  decrees 
difiance  from  them,  a fun  q,  and  at  about  12 
degrees  a moon  ])  , to  indicate  that  when  the  full 
moon  is  got  as  far  from  the  nodes  as  the  mark  ]) , 

there 
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there  can  then  be  no  eclipfe  of  the  moon,  nor  any 
eclipfe  of  the  fun ; when  the  new  moon  has  patted 
the  mark  Q , thefe  points  are  generally  termed 
the  limits  of  eclipfes. 

The  nodes  of  the  moon  do  not  remain  fixed  at 
the  fame  point  of  the  ecliptic,  but  have  a motion 
contrary  to  the  order  of  the  figns.  T V is  a 
fmall  circle  parallel  to  the  ecliptic;  it  is  divided 
into  12  figns,  and  each  fign  into  30  degrees; 
this  circle  is  moveable  in  its  focket,  and  is  to  be 
fet  by  hand,  fo  that  the  fame  fign  may  be  oppo~ 
fite  to  the  fun,  that  is  marked  out  by  the  annual 
index.  The  moon’s  nodes  are  to  be  fet  to  their 
place  in  this  fmall  ecliptic,  which  place  is  to  be 
found  by  an  ephemeris ; R S is  a circle,  on  which 
are  divided  the  days  of  the  moon’s  age  ; X Y is 
an  ellipfis,  to  reprefent  the  moon’s  elliptical  orbits 
the  diredt  motion  of  the  apogee,  or  the  line  of 
the  apfides,  with  the  fituation  of  the  elliptical 
orbit  of  the  moon,  and  place  of  the  apogee  in  the 
ecliptic  at  all  times. 

Having  rcdlified  the  lunarium  for  ufe,  on 
putting  it  into  motion  it  will  be  evident. 


1.  That 
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1.  That  the  moon,  by  the  mechanifm  of  the 
inftrument,  always  moves  in  an  orbit  inclined  to 
that  of  the  ecliptic,  and  confcquently  in  an  orbit 
analogous  to  that  in  which  the  moon  moves  in 
the  heavens. 

2.  That  flie  moves  from  weft  to  eaft. 

3.  That  the  white  or  illuminated  face  of  the 
moon  is  always  turned  towards  the  fun. 

4*  That  the  nodes  have  a revolution  contrary 
to  the  order  of  the  figns,  that  is,  from  Aries  to 
Pifces  ; that  this  revolution  is  performed  in  about 
nineteen  years,  as  in  nature. 

5*  That  the  moon  s rotation  upon  her  axis  is 
effected  and  completed  in  about  27  f days ; where- 
as it  is  29  £ days  from  one  conjunction  with  the 
fun  to  the  next. 

6.  That  every  part  of  the  moon  is  turned  to 
the  lun,  in  the  Ipace  of  her  monthly  or  periodic 
revolution. 

To  be  more  particular.  On  turning  the  handle, 
you  will  obferve  another  motion  of  the  earth, 
which  has  not  yet  been  fpoken  of,  namely,  it's 
3 monthly 
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monthly  motion  about  the  common  center  of 
gravity,  between  the  earth  and  moon,  which 
center  of  gravity  is  reprefented  by  the  pin  Z. 
From  hence  we  learn,  that  it  is  not  the  center  of 
the  earth  which  deferibes  what  is  called  the  an-> 
nual  orbit,  but  the  center  of  gravity  between  the 
earth  and  moon,  and  that  the  earth  has  an  irregu- 
lar, vermicular,  or  fpiral  motion  about  this  cen- 
ter, fo  that  it  is  every  month  at  one  time  nearer 
to,  at  another  further  from  the  fun.  It  is  evi- 
dent from  the  inftrument,  that  the  moon  does  not 
regard  the  center  of  the  earth,  but  the  center  of 
gravity  as  the  center  of  her  proper  motion.  That 
the  center  of  the  earth  is  furtheft  from  the  fun  at 
new  moon,  and  neared  at  the  full  moon ; that  in 
the  quadratures  the  monthly  parallax  of  the  earth 
is  fo  fenfible,  as  to  require  a particular  equation  in 
aftronomical  tables.  Thefe  particulars  w'eredrd 
applied  to  the  orrery,  by  the  late  ingenious  Mr. 
Benjamin  Martin. 

The  phafes  of  the  moon  are  clearly  exhibited 
in  this  indrument  ; for  we  here  fee  that  hah 
which  is  oppodte  to  the  fun  is  always  dark,  while 
that  which  is  next  to  the  fun  is  white,  to  icpre- 
fent  the  illuminated  part.  Thus  when  it  is  new 
moon,  you  will  fee  the  whole  white  part  next  the 

fun,  and  the  dark  part  turned  towards  the  earth, 

fhewing 
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(hewing  thereby  it’s  difappearance,  or  the  time 


ol'  it’s  conjunction  and  change : on  turning  the 
handle,  a fmall  portion  of  the  white  part  will 
begin  to  be  feen  from  the  earth,  which  portion 
will  increafe  towards  the  end  of  the  7th  day, 
when  you  will  perceive  that  half  of  the  light,  and 
half  of  the  dark  fide,  is  turned  towards  the  earth, 
thus  illuftrating  the  appearance  of  the  moon  at 
the  firft  quarter.  From  hence  the  light  fide  will 
continually  lhew  itfelf  more  and  more  in  a gib- 
bous form,  till  at  the  end  of  fourteen  days  the 
whole  white  fide  will  be  turned  towards  the  earth, 
and  the  dark  fide  from  it,  the  earth  now  Handing 
tn  a line  between  the  fun  and  moon;  and  thus 
the  inftrument  explains  the  oppofition,  or  full 
moon.  On  turning  the  handle  again,  fome  of 
the  fliaded  part  will  begin  to  turn  towards  ’.he 
earth,  and  the  white  fide  to  turn  away  from  it, 
decreafing  in  a gibbous  form  till  the  laft  quarter, 
when  the  moon  will  appear  again  as  a crefcent, 

which  fire  preferves  till  fire  has  attained  another 
conjunction. 


In  this  lunaritim  the  moon  has  always  the 
fame  face  or  fide  to  the  earth,  as  is  evident  from 
the  fpots  delineated  on  the  furface  of  the  ivory 
ball,  revolving  about  it’s  axis  in  the  courfe  of 
one  revolution  round  the  earth  : in  confequence 

of 
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of  which,  the  light  and  dark  part  of  the  moon 
appear  permanent  to  us,  and  the  phafes  are  (hewn 
as  they  appear  in  the  heavens. 

The  tutor  will  be  enabled  by  this  inftrument 
to  explain  fomc  other  circumftances  to  his  pupil ; 
namely,  that  as  the  earth  turns  round  his  axis 
once  in  24  hours,  it  muft  in  that  time  exhibit 
every  part  of  its  furface  to  the  inhabitants  of  the 
moon,  and  therefore  it’s  luminous  and  opake 
parts  will  be  feen  by  them  in  conllant  rotation. 
As  that  half  of  the  earth  which  is  oppoled  to  the 
fun  is  always  dark,  the  earth  will  exhibit  the 
fame  phafes  to  the  lunarians  that  we  do  to  them, 
only  in  a contrary  order,  that  when  the  moon  is 
new  to  us,  we  {hall  be  full  to  them,  and  vice  ver- 
fa.  But  as  one  hemifphere  only  of  the  moon  is 
ever  turned  towards  us,  it  is  only  to  thofe  that 
are  in  this  hemifphere  who  can  fee  us ; our  earth 
will  appear  to  them  always  in  one  place,  or  fixed 
in  the  fame  part  of  the  heavens ; the  lunarians  in 
the  oppofite  hemifphere  never  fee  our  earth,  nor 
do  we  ever  view  the  part  of  the  moon  that  they 
inhabit.  The  moon’s  apparent  diurnal  motion  in 
the  heavens  is  produced  by  the  daily  revolution 
gf  our  earth. 


If 
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If  we  consider  the  moon  with  refpecT:  to  the 
fun,  the  instrument  Shews  plainly  that  one-half 
ol  ber  globe  is  always  enlightened  by  the  fun  ; 
that  every  part  of  the  lunar  ball  is  turned  to  the 
fun,  in  the  fpace  of  her  monthly  or  periodical 
revolution,  and  that  therefore  the  length  of  the 
day  and  night  in  the  moon  is  always  the  fame, 
and  equal  to  14 1 of  our  day.  'When  the  fun  fets 
to  the  lunarians  in  that  hemifphere  next  the 
earth,  the  terreffrial  moon  rifes  to  them,  and 
they  can  therefore  never  have  any  dark  night ; 
while  thofe  in  the  other  hemifphere  can  have  no 
light  by  night,  but  what  the  Stars  afford. 

The  difference  between  the  periodical  month, 
in  which  the  moon  exa&Iy  defcribes  the  ecliptic, 
and  the  fynodical,  or  time  between  any  two  new 
moons,  is  here  rendered  very  evident.  To  Shew 
this  difference,  obferve  at  any  new  moon  her  place 
in  the  ecliptic,  then  turn  the  handle,  and  when 
the  moon  has  got  to  the  fame  point  in  the  eclip- 
tic, you  will  fee  that  the  dial  Shews  27}  days,  and 
the  moon  has  finilhed  her  periodic  revolution. 

ut  the  earth  at  the  fame  time  having  advanced 
in  it  s annual  path  about  27  degrees  of  the  eclip- 
tic, t e moon  will  not  have  got  round  in  a direft 
me  With  the  fun,  but  will  require  2 8 days  and  4 
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hours  more,  to  bring  it  into  conjunction  with  the 
fun  again. 

There  is  nothing  in  agronomy  more  worthy  of 
our  contemplation,  nor  any  thing  more  fublime 
in  natural  knowledge,  than  rightly  to  compre- 
hend thofe  hidden  obfcu rations  of  the  heavenly 
bodies,  that  are  termed  eclipfes,  and  the  accuracy 
with  which  they  are  now  foretold.  One  of  the 
chief  advantages  derived  by  the  prefent  genera- 
tion, from  the  improvement  and  diftufion  oi 
philofophy,  is  delivery  from  unneceflary  terror, 
and  exemption  from  falle  alarms.  T.he  unufual 
appearances,  whether  regular  01  accidental, 
which  once  fpread  confternation  over  ages  of 
ignorance,  are  now  the  recreations  of  mcjuifitive 
fecurity.  The  fun  is  no  more  lamented  when  it 
is  eclipfed,  than  when  it  fets ; and  meteors  play 
their  corrufcations  without  prognohic  or  pre- 
diction. 

We  have  already  obfcrved,  that  the  fun  is  the 
only  real  luminary  in  the  fclar  fyftem,  and  that 
none  of  the  other  planets  emit  any  light  but  what 
they  have  received  from  the  fun  ; that  the  herni- 
ip  here  which  is  turned  towards  the  fun  is  illumi- 
nated by  his  rays,  while  the  other  fide  is  involved 
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in  darknefs*  and  projects  a fhadow,  which  arifes 
from  the  luminous  body. 

When  the  fhadow  of  the  earth  falls  upon  the 
moon,  it  caufes  an  eclipfe  of  the  moon  ; when 
the  fhadow  of  the  moon  falls  upon  the  earth,  it 
taufes  an  eclipfe  of  the  fun. 

An  eclipfe  of  the  moon,  therefore,  never  hap- 
pens but  when  the  earth’s  opake  body  interpofes 
between  the  fun  and  the  moon,  that  is,  at  the 
full  moon  ; and  an  eclipfe  of  the  fun  never  hap- 
pens but  when  the  moon  comes  in  a line  between 
the  earth  and  the  fun,  that  is,  at  the  new  moon. 

From  what  we  have  already  feen  by  the  inftru- 
ment,  it  appears  that  the  moon  is  once  every 
month  in  conjunction,  and  once  in  oppofition; 
from  hence  it  would  appear,  that  there  ought  to 
be  two  eclipfes,  one  of  the  fun*  the  other  of  the 
moon,  every  month  ; but  this  is  not  the  cafe, 
and  for  two  reafons,  firft,  becaufe  the  orbit  of 
the  moon  is  inclined  in  an  angle  of  about  5 de- 
grees to  the  plane  of  the  ecliptic  ; and  fecondly, 
becaufe  the  nodes  of  this  orbit  have  a progreflive 
motion,  which  caufes  them  to  change  their  place 
every  lunation.  Ffence  it  often  happens,  that  at 
the  times  of  oppofition  or  conjunction  the  moon 
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has  fo  much  latitude,  or  what  is  the  fame  thing, 
is  fo  much  below  or  above  the  plane  of  the  eclip- 
tic, that  the  light  of  the  fun  will  in  the  firft  cafe 
reach  the  moon,  without  any  oblfacle,  and  in  the 
other  the  earth  ; but  as  the  nodes  are  not  fixed, 
but  run  fucceflively  through  all  the  figns  of  the 
ecliptic,  the  moon  is  often,  both  at  the  times  of 
conjunction  and  oppoiition,  in  or  very  near  the 
plane  of  the  ecliptic  ; in  thefe  cafes  an  eclipfe 
happens,  either  of  the  fun  or  moon,  according  to 
her  lituation.  The  whole  of  this  is  rendered 
clear  by  the  lunarium,  where  the  wire  projecting 
from  the  earth,  (hews  when  the  moon  is  above, 
below,  or  even  with  the  earth,  at  the  times  of 
conjunction  and  oppofition,  and  thus  w'hcn  there 
will  be,  or  not,  any  eclipfes. 


The  diftance  of  the  moon  from  the  earth  varies 
fenfibly  with  refpeCt  to  the  fun  ; it  does  not  move 
in  a circular,  but  in  an  elliptic  orbit* round  us, 
the  earth  being  at  one  of  the  foci  of  this  curve. 
The  longer  axis  of  the  lunar  orbit  is  not  always 

directed 


* That  point  of  her  orbit  wherein  flie  is  neareft  the  earth, 
is  called  her  per ice e ; the  oppofite  point,  in  which  (he  is 
fartheft  off,  is  called  her  apogee.  Thefe  two  points  are 
called  her  apsides,  the  apogee  is  the  higher,  the  pei.gee 
tlie  lower  apfis. 
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directed  to  the  fame  point  of  the  heavens,  but  has 
a movement  of  it’s  own,  which  is  not  to  be  con- 
founded with  that  of  the  nodes ; for,  the  motion 
of  the  laft  is  contrary  to  the  order  of  figns,  but 
that  of  the  line  of  apfides  is  in  the  fame  direftion, 
and  returns  to  the  fame  point  in  the  heavens  in 
about  nine  years.  This  motion  is  illullrated  in 
the  lunarium  by  means  of  the  brafs  ellipfis  X Y, 
which  is  carried  round  the  earth  in  little  lefs  than 
nine  years  : thus  fhewing  the  fituation  of  the 
elliptical  orbit  of  the  moon,  and  the  place  of  the 
apogee  in  the  ecliptic. 

Thofe  who  wifh  to  extend  the  application  of 
the  inftrument  further,  may  have  an  apparatus 
applied  to  it  for  explaining  the  Jovian  and  Satur- 
nian fyftems,  illuftrating  the  motion  of  their 
fatellites,  and  of  the  ring  ol  Saturn.  But  as  this 
application  would  extend  the  price  of  the  inftru- 
ment beyond  the  reach  of  mod  purchafers,  I 
have  thought  it  would  be  unneceffary  to  deferibe 
tnem ; the  more  fo,  as  the  phenomena  they  are 
intended  to  explain  are  accurately  and  clearly 
defcribed  in  feveral  introductory  works  of  agro- 
nomy. 
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Of  the  Planetarium,  Tellurian,  an q 
Lunarium,  represented  in  Plate  XIX. 

It  is  unneceffary  to  enter  into  a minute  defcrip- 
tion  of  this  inftrument,  as  what  has  been  laid 
upon  the  lad  will  apply  to  this,  the  difference 
being  but  fmall,  and  that  calculated  to  reader 
the  instrument  lefs  expenfive. 

It  differs  from  that  delineated  in  plates  XVII. 
and  XVIII.  in  the  following  particulars  ; 

1.  That  the  parts  do  not  take  off,  as  in  the 
other,  for  exhibiting  the  particular  phenomena  ; 
but  the  whole  is  put  in  motion  at  the  fame  time. 

2.  That  the  part,  which  anfwers  the  purpofe  of 
the  tellurian,  is  upon  a much  fmaller  fcale  than 
that  of  plate  XVIII. 

3.  The  lunarium  only  exhibits  the  monthly 
motion  of  the  moon  round  the  earth,  the  inclina- 
tion of  the  nodes,  and  the  phafes. 

To  leffen  the  price  dill  more,  fome  of  thefe 
indruments  are  condrucded  with  no  diurnal 
motion  to  the  earth. 
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Of  the  Armillary  Sphere, 

Fig.  i,  Plate  XIII. 

This  inftrument  reprefents  a planetarium,  as 
combined,  or  rather  as  inferted  within  an  armil- 
lary fphere.  The  planetarium  exhibits  the  mo- 
tion of  the  earth,  and  all  the  primary  planets, 
round  the  fun  ; the  parallelifm  of  the  earth’s  axis, 
and  the  moon’s  motion  round  the  earth,  the  fea- 
fons,  &c.  may  therefore  be  explained  by  it ; the 
propriety  of  placing  them  in  a fphere,  is  too  obvi- 
ous to  need  explanation  ; the  defcription  of  the 
foregoing  inftrument  will  enable  the  tutor  to  ufe 
this  with  eafe  to  himfelf,  and  futisfaction  to  his 
pupil. 

Description  and  Use  of  the  Armillary 
Sphere,  Fig.  i,  PlateXIII. 

9 

Whoever  has  feen  a common  armillary. fphere, 
and  underfiands  how  to  ufe  it,  mu  ft  be  fenfible 
that  the  machine  here  referred  to,  is  of  a very  differ- 
ent,  and  much  more  advantageous  con (1  ruction. 
And  whoever  has  feen  the  curious  gJafs  fphere, 
invented  by  Dr.  Long,  or  the  figure  of  it  in  hisaf- 
tronomy,  mu  ft  know  that  the  furniture  of  the 
terreftrial  globe  in  this  machine,  the  manner  of 
turningeither  the  earthly  globe,  or  thecircles  which 
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furround  it,  are  all  copied  from  the  dodor’s  ghfs 
fphere ; and  that  the  only  difference  is,  a parcel 
of  rings  inftead  of  a glafs  celeftial  globe;  and  all 
the  additions  are,  a moon  within  the  fphere,  and 
a femicircle  upon  the  pedeftal.* 

The  exterior  parts  of  this  machine  are  a corn- 
pages  ot  brafs  rings,  which  reprefent  the  prin- 
cipal circles  of  the  heaven,  viz.  i.  The  equi- 
noctial, which  is  divided  into  360  degrees, 
(beginning  at  it’s  interfedion  with  the  ecliptic  in 
Aries)  for  (hewing  the  fun’s  right  afcenfion  in 
degrees  ; and  alfo  into  24  hours,  for  (hewing  his 
right  afcenfion  in  time.  2.  The  ecliptic  B B, 
which  is  divided  into  12  figns,and  each  fign  into 
30  degrees,  and  alfo  into  the  months  and  days  of 
the  year,  in  fuch  a manner,  that  the  degree  or 
point  of  the  ecliptic  in  which  the  fun  is,  on  any 
given  day,  Hands  over  that  day  in  the  circle  of 
months.  3.  The  tropic  of  Cancer  C C.  4.  The 
ardic  circle  E,  and  the  antardic  circle  F,  each 
232  degrees  from  it’s  refpedive  pole  at  N and  S. 
5-  The  equinodial  coiure  G G paffing  through 
the  north  and  fouth  poles  of  the  heaven  at  N and 
S,  and  through  the  equinodial  points  Aries  and 
Libra,  in  the  ecliptic.  6.  The  folftitial  colure 
II  FI  paffing  through  the  poles  of  the  heaven, 

and 

* Fcrgufon's  Lectures,  p.  194. 
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and  through  the  folftitial  points  Cancer  and  Ca 

pricorn,  in  the  ecliptic.  Each  quarter  of  the 

former  of  thefc  colures  is  divided  into  9o  degrees 

from  the  equinoctial  to  the  poles  of  the  world* 

for  lhewing  the  declination  of  the  fun  moon* 

and  (tars  ; and  each  quarter  of  the  latter,  from 

theechptic  to  its  poles,  for  lhewing  the  latitudes 
oi  the  ftars. 


In  the  north  pole  of  the  ecliptic  is  a nut  b,  to 
which  is  fixed  one  end  of  a quadrantal  wire,  and 
to  the  other  end  a fmall  fun  Y,  which  is  carried 
round  the  ecliptic  B B,  by  turning  the  nut, -and 
m the  fouth  pole  of  the  ecliptic  is  a pin  at  d,  on 

watch  is  another  quadrantal  wire,  with  a fmall 

ntoon  Z upon  it,  which  may  be  moved  round  by 
• and  ; but  there  is  a particular  contrivance  for 
caufing  the  moon  to  move  in  an  orbit  which 
croires  the  echptic  at  an  angle  of  Jf  degrees,  in  . 
two  oppofite  points,  called  the  moons  nodes- 
and  alfo  for  fliifting  thefe  points  backward  in  the 
ecliptic,  as  the  moon’s  nodes  Ihift  in  the  heaven. 

Within  thefe  circular  rings  is  a fmall  terreflrial 
g'obe  I,  fixed  on  an  axis  K K,  which  extends 
m the  north  and  fouth  poles  of  the  globe,  to 
thofe  of  the  celeftial  fphere  at  Nandsfon  this 
axis  is  fixed  the  flat  celeftial  meridian  L,  which 

? may 
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may  be  fet  dire&ly  over  the  meridian  of  any 
place  on  the  globe,  and  then  turned  round  with 
the  globe,  fo  as  to  keep  over  the  fame  meridian 
upon  it : this  flat  meridian  is  graduated  the  fame 
way  as  the  brafs  meridian  of  a common  globe, 

and  it's  ufe  is  much  the  fame.  To  this  giobe  is 

fitted  the  moveable  horizon  M M,  fo  as  to  turn 
upon  two  ftrong  wires  proceeding  from  it's  eafl 
and  weft  points  to  the  globe,  and  entering  the 
globe  at  oppofite  points  of  it’s  equator,  which  is 
a moveable  brafs  ring  let  into  the  globe  in  a 
groove  all  around  it's  equator : the  globe  may  be 
turned  by  hand  within  this  ring,  fo  as  to  place 
anv  <nven  meridian  upon  it,  directly  under  the 
celefTial  meridian  L.  The  horizon  is  divided 
into  360  degrees  all  around  it's  outermoft  edge, 
■within  which  are  the  points  of  the  compafs,  for 
fhevving  the  amplitude  of  the  fun  and  moon,  both 
in  degrees  and  points.  The  celcftial  meridian 
1.  L paffes  through  two  notches  in  the  north  and 
fouth  points  of  the  horizon,  as  in  a common 
globe  ; but  here,  if  the  globe  be  turned  round, 
the  horizon  and  meridian  turn  with  it.  At  the 
fouth  pole  of  the  fphere  is  a circle  of  24  hours, 
fixed  to  the  rings,  and  on  the  axis  is  an  index 
which  goes  round  that  circle,  it  the  globe  De 
turned  round  it  s axis. 

The 
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The  whole  fabric  is  fupported  on  three  fecr 
jand  may  be  elevated  or  deprefled  upon  the  joint 
O,  to  any  number  of  degrees  from  o to  q o,  by 
means  of  the  arc  P,  which  is  fixed  into  the  drong 
brafs  arm  Q,  and  hides  in  the  upright  piece  R 
in  which  is  a ferevv  at  r,  to  fix  it  at  any  proper 
elevation.  In  the  box  T are  two  wheels  (as  in 
Dr.  Longs  fphere)  and  two  pinions,  whofeaxes 
come  out  at  a and  b;  either  of  which  may  be 
turned  by  the  milled  nuts  affixed  to  them.  When 
the  nut  b is  turned,  the  terre  (trial  globe,  with 
it  s horizon  and  celedial  meridian,  keep  at  reft ; 
and  the  whole  fphere  of  c ircles  turns  round  from 
calf,  by  fouth,  to  well,  carrying  the  fun  Y,  and 
moon  Z,  round  the  fame  way,  and  caufing  them 
to  rile  above  and  fet  below  the  horizon  - but 
when  the  nut  a is  turned  forward,  the  fphere, 
with  the  fun  and  moon,  keep  at  red  5 and  the 
earth,  with  it’s  horizon  and  meridian,  turn 
found  from  wed,  by  fouth,  to  ead;  and  bring 
The  lame  points  of  the  horizon  to  the  fun  and 
i fnoon,  to  which  thefe  bodies  came  when  the 
i .earth  kept  at  red,  and  they  were  carried  round 
lit,  fhewing  that  they  rife  and  fet  in  the  fame 
ipomts  of  the  horizon,  and  at  the  fame  times  in 
e hour  circle,  whether  the  motion  be  in  the 
:£arth,  or  in  the  heaven.  Jf  the  earthly  globe  be 
the  hour  index  goes  round  it’s  hour  cir- 
cle | 


DESCRIPTION  and  use 


de  ; but  if  the  fphere  be  turned,  the  hour  circle 
goes  round  below  the  index. 


And  fo,  by  this  conftruQion,  the  machine  is 
equally  fitted,  to  (hew  either  the  real  motion  ot 
the  earth,  or  the  apparent  motion  ot  the  heaven. 

To  reftify  the  fphere  for  ufe,  firft  Slacken  the 
fcrevv  r in  the  upright  ftem  R,  and  taking  hold  of 
the  arm  O,  move  it  up  or  down  until  the  given 
degree  of  latitude  for  any  place  be  at  the  fide  of 
the  ftem  R,  and  then  the  axis  of  the  fphere  will 
be  properly  elevated,  fo  as  toftand  parallel  to  the 
axis  of  the  world,  if  the  machine  be  iet  north  and 
fouth  by  a fmall  compafs : this  done,  count  the 
latitude  from  the  north  pole,  upon  the  celeftial 
meridian  L,  down  towards  the  north  notch  of 
the  horizon,  and  fet  the  horizon  to  that  latitude  ; 
then  turn  the  nut  b,  until  the  fun  Y comes  to 
the  oiven  day  of  the  year  in  the  ecliptic,  and  the 
fun  will  be  at  it’s  proper  place  for  mat  day  : fin 
the  place  of  the  moon's  afcending  node,  and 
alfo  the  place  of  the  moon,  by  an  ephemens, 
and  fet  them  right  accordingly.  Lafily,  turn 
the  nut  b until  either  the  fun  comes  to  the  me- 
ridian L,  or  until  the  meridian  comes  to  the  fun, 
(according  as  you  want  the  fphere  or  earth  to 
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move)  and  fet  the  hour  index  to  the  XII  marked 
noon,  and  the  whole  machine  will  be  rectified. 

Then  turn  the  nut  a,  and  obferve  when  the  fun 
or  moon  rife  and  fet  in  the  horizon,  and  the  hour 

index  will  fhew  the  times  thereof  for  the  given 
day. 

Thofe  who  underfland  the  ufe  of  the  globes, 

uill  be  at  no  Id's  to  work  many  other  problems 
bv  this  fphere. 
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An  INTRODUCTION  to 

PRACTICAL  ASTRONOMY. 


'T'HERE  is  no  part  of  mathematical  fciencc 
more  truly  calculated  to  intereft  and  fur- 
prize  mankind,  than  the  meafurement  of  the 
relative  pofitions  and  diftances  of  inacceflible  ob- 
jects. To  determine  the  diftance  of  a Chip,  feen 
on  a remote  fpot  of  the  unvaried  face  of  the 
ocean  ; to  afccrtain  the  height  of  the  clouds  and 
meteors  which  float  in  the  invifible  fluid  above 
our  heads ; or  to  fhew  with  certainty  the  won- 
derful dimenflons  of  the  fun  and  other  bodies  in 
the  heavens,  are  among  the  numerous  problems 
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which  to  the  vulgar  appear  far  beyond  the  reach 
of  human  art,  but  are  neverthelefs  truly  refolved 
by  the  incontrovertible  principles  of  the  mathe- 
matics. Thefe  principles,  fimple  in  themfeives, 
and  eafy  to  be  underftood,  are  applied  to  the 
conftrudtion  of  a variety  of  inftruments  ; and  the 
following  pages  contain  an  account  of  their  ufe 
in  the  quadrant  and  the  equatorial. 

The  pofition  of  any  object,  with  regard  to  a 
Spectator,  can  be  coniidered  in  no  more  than  two 
ways  ; namely,  as  to  it  s dihance,  or  the  length 
of  a linefuppofed  to  be  drawn  from  the  eye  to  the 
objeT ; and  as  to  it’s  direction,  or  the  fituation  of 
that  line  with  relped  to  any  other  lines  of  direc- 
tion i or  in  other  words,  whether  it  lies  to  the 
right  or  left,  above  or  below  thofe  lines.  The 
firft  of  thefe  two  modes  bears  relation  to  a line 
abfolutely  confidered,  and  the  fecond  to  an  angle. 
It  is  evident  that  the  diflance  can  be  diredtly 
come  at  by  no  other  means  than  by  meafuring  it, 
or  fucceffively  applying  fome  known  meafure 
along  the  line  in  queftion  ; and  therefore,  that  in 
many  cafes  the  diftance  cannot  be  direftly  found ; 
but  the  pofition  of  the  line,  or  the  angle  it  forms, 
with  fome  other  afiumed  line,  may  be  readily 
afeertained,  provided  this  lafl  line  do  likewife 

terminate  in  the  eye  of  the  fpeclator.  Now  the 

~ whole 
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whole  artifice  of  meafuring  inacceflible  di fiances 
con  fids  in  finding  their  lengths,  from  the  con- 
fident ion  of  angles,  obferved  about  fome  other 
line,  vvhofe  length  can  be  fubmitted  to  actual 
menfuration.  How  this  is  done  I fhall  proceed 
to  flievv. 

Evci  y one  knows  the  form  of  a common  pair 
of  compaffes.  If  the  legs  of  this  inftrument 
were  mathematical  lines,  they  would  form  an 
angle  greater  or  lefs,  in  proportion  to  the  fpace 
the  points  would  have  palled  through  in  their 
opening.  Suppofe  an  arc  of  a circle  to  be  placed 
in  fuch  a manner,  as  to  be  paffed  over  by  thefe 
points,  then  the  angles  will  be  in  proportion  to 
the  parts  of  the  arc  paffed  over  ; and  if  the  whole 
circle  be  divided  into  any  number  of  equal  parts, 
as  for  example,  360,  the  number  of  thefe  com- 
prehended between  the  points  of  the  compaffes, 
will  denote  the  magnitude  of  the  angle.  This  is 
diffidently  clear ; but  there  is  another  circum- 
dance  which  beginners  are  not  often  fufficiently 
aware  of,  and  which  therefore  requires  to  be  well 
attended  to  : it  is,  that  the  angle  will  be  neither 
enlarged  nor  diminiffied  by  any  change  in  the 
length  of  the  legs,  provided  their  pofition  remains 
unaltered  5 becaufe  it  is  the  inclination  of  the 
legs,  and  not  their  diflance  from  each,  or  the 

Qd  2 fpacc 
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jpace  between  them,  which  conftitutes  the  an- 
gle. So  that  if  a pair  of  compares,  with  very 
long  legs,  were  opened  to  the  fame  angle  as 
another  fmaller  pair,  the  intervals  between  their 
refpe&ive  points  would  be  very  different ; but  the 
number  of  degrees  on  the  circles,  fuppofed  to  be 
applied  to  each,  would  be  equal,  becaufe  the 
degrees  thcmfelves  on  the  Imallei  circle  would  be 
exactly  proportioned  to  the  fhortnefs  of  the  legs. 
This  property  renders  the  admeafurement  of 
angles  very  eafy  ; becaufe  the  diameter  ot  the 
meafuring  circle  may  be  varied  at  pleafure,  as 
convenience  requires.  In  practice,  however,  the 
magnitude  of  inllruments  is  limited  on  each  iide. 
If  they  be  made  very  large,  they  are  difficult  to 
manage,  and  their  weight  bearing  a high  pro- 
portion to  their  ftrength,  renders  them  liable  to 
change  their  figure,  by  bending  when  their  po- 
fition  is  altered  ; but  on  the  contrary,  if  they  are 
very  fmall,  the  errors  ot  cond  ruction  and  gradu- 
ation amount  to  more  confiderable  parts  ot  the 
divifions  on  the  limbs  of  the  inftrument. 

Of  the  Quadrant  and  it  s Uses. 

Every  circle  being  fuppofed  to  be  divided  into 

560  equal  parts,  or  degrees,  it  is  evident  that  90 

degrees,  or  one-fourth  part  of  a circle,  will  be 

fufficient 
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fufficient  tomeafure  all  angles  formed  between  a 
fine  perpendicular  to  the  horizon,  and  other 
lines  which  are  not  di rebled  to  points  below  the 
level.  Fig.  i,pl.XX.  is  a drawing  of  averyfimple 
and  ufeful  inllrument  of  this  kind.  A B C is  a 
quadrant  mounted  on  an  axis  and  pedefial : by 
means  of  the  axis,  it  may  be  immediately  placed 
in  any  vertical  pofition,  and  the  pedefial  being 
moveable  in  the  axis  of  the  circle  E F,  ferves  to 
place  it  in  the  diredion  of  any  azimuth,  or  to- 
wards any  point  of  the  compafs.  The  limb  A B 
is  divided  into  degrees  and  halves,  numbered 
from  A ; and  upon  the  radius  B C are  fixed  two 
fights,  of  which  B is  perforated  with  afmall  hole, 
and  is  provided  with  a darkglafs,  to  defend  the 
eye  from  the  fun's  light ; and  the  other  fight  C 
has  a larger  hole,  furnifhed  with  crofs  wires,  and 
alfo  a fmaller,  w hich  is  of  ufe  to  take  the  fun  s 
altitude  by  the  projedion  of  the  bright  image  of 
that  luminary  upon  the  oppofite  fight.  From 
the  center  C hangs  a plumb  line  C P.  The  hori- 
zontal circle  F E is  divided  into  four  quadrants 
of  90  degrees;  and  an  arm  E,  conneded  with  the 
pedeftal,  moves  along  the  limb,  and  confequent- 
ly  fhews  the  pofition  of  the  place  of  thequadrant, 
as  will  hereafter  be  more  minutely  explained. 
Eaftly,  the  ferews  G,  H,  I,  render  it  very  eafy  to 
fet  the  whole  infirument  ffcadily  and  accurately  in 

Q J1  3 it’s 
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it’s  proper  pofition,  notwithftanding  any  irregu- 
larity in  the  table  or  (land  it  may  be  placed 
upon. 

The  rationale  of  this  inftrument  is  very  clear 
and  obvious.  It  is  ufed  to  meafure  the  angular 
diftance  of  any  body,  or  appearance,  either  from 
the  zenith  or  point  immediately  above  our  heads, 
or  from  the  horizon  or  level.  The  plumb  line 
C P,  if  continued  upwards  from  C,  would  be 
directed  to  the  zenith  Z ; and  the  line  C L,  fup- 
pofed  to  be  drawn  from  the  center  of  the  quadrant 
to  an  object  L,  will  form  an  angle  L C Z,  which 
is  the  zenith  diftance,  and  is  equal  to  the  angle 
B C P,  formed  between  the  oppofite  parts  of  the 
fame  lines.  We  fee,  therefore,  that  the  degrees 
on  the  arc,  comprehended  on  the  limb  ol  the 
quadrant,  between  the  plumb  line  and  the  ex- 
tremities next  the  eye,  meafure  the  angle  of  zenith 
diftance. 

Again,  the  line  C K (forming  a right  angle 
with  the  perpendicular  C Z)  is  level,  or  hori- 
zontal ; the  angle  LCK  mud  therefore  be  the 
altitude  or  elevation  of  L above  the  horizon  : and 
this  laft  angle  muft  be  equal  to  the  angle  mea- 
fured  between  the  plumb  line  and  the  end  A 

fartheft  from  the  eye;  becaufe  both  thefe  are 

equal 
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equal  to  the  quantity  which  would  be  left,  after 
taking  the  zenith  diftance  from  a right  angle,  or 
the  whole  quadrant. 

The  determination  of  the  altitude  or  zenith 
dillancc  of  an  object  is  not  fufheient  to  afeertain 
it’s  place,  becaufe  the  objedt  may  be  placed  in 
any  direction  with  refpedt  to  azimuth,  or  the 
points  of  the  compafs,  without  increale  or  dimi- 
nution of  it’s  altitude.  Hence  it  is  that  an 
horizontal  graduated  circle  is  a necdTary  addition 
to  a quadrant  which  is  not  intended  to  be  always 
ufed  in  the  fame  plane.  The  bearing  or  pofition 
of  an  object  relative  to  the  cardinal  points,  toge- 
ther with  the  altitude,  is  fufficient  to  afeertain  the 
place  of  any  objecl  or  phenomenon. 

After  this  fhort  account  of  the  general  princi- 
ples of  the  quadrant,  I (hall  proceed  to  ihew 
fome  of  the  leading  problems  refolved  by  it. 

PROBLEM  I. 

To  adjuft  the  quadrant  for  obfervation. 

The  quadrant  is  adjufled  for  obfervation  when 
it  s plane  continues  perpendicular  to  the  horizon, 
jn  all  pofitions  of  the  line  of  light.  For  this  pur- 

Qn  4 pofe. 
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pofe,  bring  the  index  to  90°  on  the  horizon,  and 
turn  one  or  both  of  the  fcrevvs  which  are  fixed 
oppofitc  6o°,  till  the  plumb  line  lightly  touches 
the  plane  of  the  quadrant.  Then  turn  the  index 
to  oa,  and  make  the  fame  adjuftment,  by  means 
of  the  fcrew  at  o°,  and  the  quadrant  is  ready  for 
obfervation. 

Or  otherwife,  fet  the  index  at  o°,  and  obferve 
the  degree  marked  by  the  plumb  line  on  the  limb ; 
then  turn  the  index  to  the  other  o°  which  is  dia- 
metrically oppofite,  and  obferve  the  degree 
marked  by  the  plumb  line : if  it  be  the  fame  as 
before,  there  will  be  no  occafion  to  alter  the 
fcrews  at  6o° ; but  if  otherwife,  one  or  both  of 
thofe  fcrews  mull  be  turned,  till  the  plumb  line 
interfe&s  the  middle  degree  (or  part)  betw  een  the 
two.  After  this  operation,  the  degree  marked 
by  the  plumb  line  mud  be  obferved,  as  before, 
by  fetting  the  index  at  both  the  90°,  and  the  ad- 
juftment  of  the  plumb  line  to  the  middle  didance 
muft  be  made  by  the  fcrew  at  O,  taking  care  not 
to  touch  the  other  fcrews. 
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The  latter  method  of  adjuftment  being  more 
accurate  in  pra&ice,  may  be  ufed  after  the 
former.* 


PROBLEM  II. 

Io  find  the  diftance  of  an  objetft  on  the  earth* 
by  obfervations  made  from  two  Rations  on  the 
fame  level. 

OBSERVATIONS. 

Chufe  two  Rations,  between  which  the  ground 
is  level,  and  place  a vifible  mark  on  each.  The 
diftance  between  them  ought  not  to  be  lefs  than 
the  feventh  or  eighth  part  of  the  eftimated 
diftance  of  the  object ; and  neither  Ration  ought 
to  be  confiderably  nearer  the  objeeft  than  the 
other.  Meafure  the  diftance  between  the  Ra- 
tions, by  means  of  meafuring  poles,  a chain,  or 
a piece  of  ftretched  cork.  From  one  Ration 

direct 


* The  larger  or  more  expenfive  inftruments  have  appa- 
ratus for  fetting  the  axes  of  motion  at  right  angles  to  the 
planes  of  the  horizontal  circle  and  quadrant,  the  line  of  fight 
or  collimation  parallel  to  the  radius  paffing  through  90% 
&.c.  &c.  In  the  (mall  inftruments,  deferibed  in  the  text, 
thefe  adjuftments  are  made  by  the  workman. 
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direct  the  quadrant  to  the  objecR,  by  looking 
through  the  hole  in  one  fight,  and  moving  the 
upright  axis  about,  till  the  object  is  fecn  through 
the  hole  in  the  other,  exactly  at  the  interfedtion 
of  the  crofs  wires.  Cbferve  the  degrees  and 
parts  (hewn  by  the  index  on  the  horizontal  cir- 
cle ; then  direct  the  quadrant  in  the  fame  manner 
to  the  mark  of  the  other  Ration,  and  obferve  the 
degrees  and  parts  fhewn  by  the  index.  The 
number  of  degrees  and  parts  intercepted  between 
this  and  the  former  poiition  of  the  index,  is  the 
angle  at  the  firft  Ration,  The  fame  operations 
repeated  at  the  fecond  flation,  will  give  the  angle 
at  that  flation. 

SOLUTION. 

Take  the  fum  of  the  two  obferved  angles  from 
90%  and  the  remainder  will  be  the  angle  under 
which  the  two  Ration-marks  would  be  feen  Irorq 
the  objedt.  Then 

As  the  fine  of  the  angle  at  the  object 
Is  to  the  fine  of  the  angle  at  one  flation  ; 

So  is  the  diflancc  between  the  Rations 

To  the  diftance  of  the  obje&from  theother  Ration, 


Thefe, 
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The fc,  and  all  other  proportions,  may  be 
folved  by  the  logarithms,  or  more  fpeedily  by 
the  Gunters  rule. 

Solution  of  the  Proelem  by  Protraction. 

From  a fcale  of  equal  parts  lay  down  a right 
line,  to  reprdent  the  meafured  bafe. 


By  means  of  the  protraftor,  or  by  the  com- 
palTes  and  line  of  chords,  draw  a line  from  each 
extiemity  ot  the  bafe,  refpedively  forming  angles 
equal  to  thofe  actually  obferved. 


Continue  thefe  lines  till  they  interfefL 

The  interval  between  the  point  of  interfedion, 
and  one  extremity  of  the  bafe,  being  taken  be- 
tween the  compares,  and  applied  to  the  line  of 
equal  parts,  will  (hew  the  diflance  between  the 

objecl  and  the  liation  reprefented  by  that  ex- 
tremity. 

This  problem  may,  in  cafes  of  fmall  diflance, 
be  conveniently  applied  to  a bafe  line  meafured 

\wtum  a room,  and  theobfervations  taken  out  at 
the  windows. 
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PROBLEM  III. 

To  find  the  diftance  of  the  foot  of  a tower,  by 
obfervations  made  on  the  upper  part. 

The  folution  of  this  problem  confifts  in 
making  obfervations  on  the  fummit,  in  the  fame 
manner  as  in  the  foregoing  problem.  The 
diftance  deduced  from  the  horizontal  angles  will 
be  that  of  a point  in  the  horizon,  immediately 
beneath  the  part  on  which  the  obfervations  were 

made. 


PROBLEM  IV. 

To  find  the  height  of  a fpire,  a mountain,  or 
any  other  elevation. 

Cafe  i.  When  the  diftance  of  the  point  im- 
mediately beneath  the  fummit  can  be  meafuied, 

Obferve  the  angle  of  altitude  with  the  qua- 
drant, by  viewing  the  fummit  through  the  lights, 
and  noting  the  degrees  and  parts  indicated  by  the 
interfedtion  of  the  plumb  line.  Meafure  alfo  the 
horizontal  diftance. 


Then, 
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Then, 

As  the  co-fine  of  the  obferved  angle 

Is  to  the  fine  of  the  obferved  angle  ; 

So  is  the  meafured  difiance 

To  the  height  required. 

Or  by  confirudion.  Draw  a right  line  equal 
to  the  meafured  bafe,  taken  from  a fcale  of  equal 
parts. 

Ered  a perpendicular  from  one  extremity, 
and  from  the  other  draw  a line  inclined  towards 
the  perpendicular,  and  forming  an  angle  with  the 

bafe,  equal  to  the  obferved  angle. 

• . ' * \ 

The  interval  between  the  interfedion  of  this 
laft  line,  and  the  perpendicular,  and  the  lower 
extremity  of  the  perpendicular  itfelf,  being  taken 
in  the  compares,  and  applied  to  the  line  of  equal 
parts,  will  fhew  the  height  required. 

Cafe  2.  When  the  difiance  of  the  point  im- 
mediately beneath  the  fummit  cannot  be  mea- 
fured. 


Find 
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Find  the  diftance  by  prob.  iii.  and  the  height 
by  cafe  i,  of  the  prefent  problem:  or  other- 
wife, 

Meafure  a bafe  line  directly  towards  the  ob- 
je£t,  and  take  the  altitude  from  each  end  of  the 

bafe. 

Then, 

As  the  fines  of  the  difference  between  the  fum  of 
the  two  altitudes,  and  i 8oQ, 

Are  to  the  fine  of  the  lefs  altitude ; 

So  is  the  bafe  line 

To  the  diretff  diftance  between  the  fummit  and 
the  nearer  end  of  the  bafe  line. 

And, 

As  radius 

Is  to  the  fine  of  the  greater  altitude; 

So  is  the  diftance  laft  found 
To  the  height  required. 

Or  by  conftrudhon.  Set  off  the  bale  line,  and 
from  it’s  extremities  draw  lines  inclined  to  the 
bafe  in  the  refpe&ive  angles  obferved,  but  in  fuch 

a manner,  as  that  the  lefs  angle  may  be  formed  by 

the 
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the  bale  itfelf,  and  the  greater  by  the  prolonga- 
tion of  the  bafe. 


Thefe  lines  will  interfccl. 


From  the  point  of  interfeeftion  let  fall  a perpen- 
dicular on  the  prolongation  of  the  bafe,  and  it 
will  give  the  height  required. 


The  firft  method  of  folving  this  cafe  is  in  gene- 
ral the  bed:  in  pradtice.  It  is  for  the  mod  part 
much  more  eafy  to  find  a bafe  diffidently  long 
and  level  between  two  dations,  nearly  equi-didant 
from  the  eminence,  as  the  fird  requires,  than  in 
a direction  towards  it,  becaufe  the  ground  ufually 
rifes  irregularly  towards  mountains.  And  in  the 
latter  cafe  alio,  if  the  difference  between  the  two 
altitudes  be  not  very  confiderable,  the  refult  will 
be  rendered  erroneous  by  a very  fmall  inaccuracy 
of  oblervation. 


problem  v. 

To  plot  a field  by  a bafe  line  meafured  in  the 

middle. 


Set 
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Set  up  marks  in  the  corners  or  angles,  and 
meafurc  a line  in  the  field  in  fuch  a direction,  as 
that  it  may  be  as  far  as  poflible  from  pointing  to- 
wards any  of  the  angles.  Direft  the  lights  from 
one  end  of  the  bafe  to  each  of  the  angles  fuc- 
ceffively,  and  alfo  to  the  other  extremity  of  the 
bafe,  carefully  noting  the  degrees  and  parts  ot 
the  horizontal  circle,  indicated  by  the  index. 
Repeat  the  like  operations  at  the  other  end  of  the 

bafe  line. 

Conft ruction.  Draw  a faint  line  upon  paper, 
upon  which  fet  off,  from  a fcale  of  equal  parts, 
the  meafured  bafe.  From  it's  extremities  draw 
lines,  forming  the  refpective  angles  obferved. 
The  interfedtions  of  thofe  lines  will  fhew  the  cor- 
nus,  or  angles,  of  the  field,  and  mull  be  joined 

by  right  lines. 

This  problem  being  nothing  more  than  a de- 
termination of  the  pofition  of  the  angular  points 
with  refped  to  the  bafe  line,  by  prob.  1,  will  be 
more  accurate  in  praflice,  the  more  neatly  the 
conditions  there  exprelfed  are  adhered  to.  If  a 
bafe  line  cannot  be  had  in  view  of  all  the  angles, 
and  in  a convenient  pofition,  two  or  morebae 
lines  may  be  meafured,  and  connected  together 
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by  the  obfervation  of  the  requifite  angles ; or  the 
three  hides  of  a triangle  may  be  meafured  in  the 
ficlo,  according  to  the  difcrction  of  the  ingenious 
kai nei,  and  the  bearings  of  the  corners  of  the 
field  taken  from  fuch  extremities  of  any  of  thefe 

meafured  lines,  as  are  beft  adapted  to  the  pur- 
pole.* 

As  this  method  is  very  far  from  being  labori- 
ous, the  practitioner  will  do  well  to  meafure  the 
held  twice,  from  a different  bafe  each  time. 

PROBLEM 

* It  may  be  proper  to  obferve,  for  the  ufe  of  fuch  as  are 
unacquainted  with  furveying  of  land,  that  the  Englifh  acre 
is  4840  fquare  yards,  and  that  land  is  moft  conveniently 
meafured  by  the  Gunter’s  chain  of  22  yards  in  length,  di- 
vided into  100  links;  becaufe  the  fquare  chain,  or  22  mul- 
tiplied by  22,  equal  lo  484,  is  exa&ly  the  tenth  part  of  an 
acre.  Ii  the  plot  of  a field  meafured  in  chains  and  links,  be 
therefore  made  upon  paper,  and  divided  into  a number  of 
triangles,  by  drawing  right  lines  within  it,  the  bafe  and 
perpendicular  of  each  triangle  may  be  meafured  from  the 
kale  of  equal  parts,  and  half  their  produft  will  be  the  area 
of  the  triangle  in  fquare  chains  ; the  fum  of  all  the  areas  of 
the  triangles  will  be  the  area  of  the  field,  which  divided  by 
10,  will  (hew  the  number  of  acres  ; the  remaining  decimal 
frafhon  multiplied  by  4,  gives  the  roods;  and  the  decimal 
pait  of  this  laft  p;odu6l  multiplied  by  40,  gives  the  perches. 
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PROBLEM  VI. 

To  plot  a field,  by  meafuring  the  iides  and 

angles. 

Set  up  marks  at  each  of  the  angles,  and  at 
every  one  of  thefe  marks  direct  the  quadrant  to 
the  two  adjacent  marks  on  each  fide.  The  num- 
ber of  degrees  and  parts  between  the  two  po- 
fitions  of  the  index  on  the  horizontal  circle,  will 
fhew  the  angle  at  the  flat  ion  where  the  obferva- 
tion  is  made.  Meafure  the  diflance  to  the  next 
ftation,  and  obferve  the  angle  there  in  the  fame 
manner.  And  thus  proceed  completely  round 
the  field. 

Conftru&ion.  From  the  fcale  of  equal  parts 
draw  a line  equal  to  the  firit  meaiuied  fide, 
and  from  it’s  extremities  draw  two  lines,  forming 
angles  equal  to  thofe  aiflually  obferved. 

Make  thefe  laft  lines  equal  to  the  fides  they 
reprefent,  and  from  their  extremities  draw  two 
other  lines  at  angles  refpeftively  found  by  obfer- 
vation. 

Proceed  thus,  till  the  whole  field  is  plotted. 


When 
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When  all  the  angles  of  a field  are  thus  mea- 
fured,  their  fum,  if  the  operation  has  been  truly 
made,  will  be  equal  to  twice  as  many  right  an- 
gles, deducing  four,  as  there  are  angles  in  all, 
provided  they  be  all  inward  angles.  But  if  any 
of  them  be  outward  angles,  their  refpedtive  fup- 
plements  to  j6o°  mull  be  taken  in  making  up 
the  fum,  inhead  of  the  angles  themfelvcs.  When 
the  fum  proves  either  greater  orlefs  than  juft  the 
figure,  it  will  notanfwer  on  paper  ; and  as  obl'er- 
vations  made  with  fmall  inftruments  cannot  be 
expected  to  be  free  from  perceptible  errors,  it 
will  be  expedient  to  corredt  the  angles  by  adding 
or  fub tract ing  fuch  defea  or  excefs,  to  or  from 
all  the  angles,  in  proportion  to  their  magnitude, 
or  more  readily  in  equal  proportions  amonp 
them. 

This  way  of  meafuring  is  much  ufed  in 
America,  by  the  meafuring  wheel  and  mariner’s 
compafs,  and  is  applicable  to  extenfive  woody  or 
mountainous  tradts  of  land,  where  great  accuracy 
is  not  required.  It  may  alfo  be  ufed  in  con- 

junction  with  other  methods,  for  delineating  a 
fea-coaft,  &c. 
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PROBLEM  VII. 

To  find  the  altitude  and  height  of  fire  balls,  and 
other  meteors,  in  the  atmofphere. 

Though  the  extreme  velocity  and  tranfient 
nature  of  fiery  meteors  in  the  atmofphere  in  a 
great  meafure  prevents  the  making  ol  fuen  ob- 
iervations  as  might  tend  to  afceitain  their 
di fiance,  yet  they  form  a fubjed  of  inquiry  fo 
curious  and  interefting,  as  renders  fuch  as  can  be 
made  of  great  value.  An  obferver,  who  per- 
ceives an  appearance  of  this  kind,  ought  carefully 
to  note  the  buildings,  trees,  ftars,  &c.  near 
which  it  palles ; and  as  foon  afterwards  as  con- 
venient take  their  altitude  and  bearings.  If  two 
fuch  obfervations  be  taken  by  perfons  at  different 
places,  fufficiently  diftant  from  each  other,  the 
difiance  on  the  earth  may  be  confidered  as  the 
bafe,  and  from  this  and  the  two  obferved  angles 
the  height  of  the  meteor  may  be  found  by 
problem  ii. 

By  obfervations  of  this  kind  it  has  been  found, 
that  the  larger  fire  balls  are  elevated  about  60 
miles  above  the  earth’s  furface,  and  that  lome 
of  them  arc  near  five  miles  in  diameter. 
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PROBLEM  VIII. 

io  find  the  height  of  a cloud,  by  obfervation 
of  a flalh  of  lightning. 

If  the  altitude  of  that  part  of  a cloud  from 
which  a flafh  ol  lightning  has  ifflicd,  be  lmme- 
diately  taKcn  with  the  cjuadrant,  and  the  number 
offeconds  of  time  elapfed  between  the  in  hunt  of 
the  flafh,  and  the  firft  arrival  of  the  thunder  be 
reckoned,  thefe  data  will  be  fufficient  to  deter- 
mine the  height  of  the  thunder  cloud.  For 
found  is  admitted  to  pals  through  1142  feet  in 
a fecond  ; but  light  has  fuch  an  extreme  velocity, 
that  it  pafles  through  thirty-five  thoufand  miles 
in  a fecond,  and  may  therefore  be  reckoned  in- 
ftantaneous  in  all  obfervations  upon  the  earth. 
Hence  it  follow's,  that  the  number  of  feconds 
obferved,  multiplied  by  1142,  will  give  the 
diflance  of  the  cloud  in  feet ; and 

As  radius 

Is  to  the  fine  of  the  obferved  angle  ; 

So  is  the  diftance  of  the  cloud 
To  it’s  height. 
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Or  by  conftrudtion.  From  a point  in  any 
right  line,  draw  another  right  line,  forming  the 
obferved  angle.  Set  off  on  this  left  line,  front 
the  angular  point,  the  diffance  of  the  cloud, 
taken  from  a fcale  of  equal  parts.  From  the  ex- 
treme of  the  laft-mentioned  line  let  fall  a perpen- 
dicular on  the  other  line  ; and  this  perpendicular 
will  be  the  height  required. 

If  the  flalh  of  lightning  ffrike  dire&ly  down, 
the  height  of  the  cloud  will  alfo  be  the  length  of  the* 
fiafh.  But  this  is  not  often  the  cafe. 

A • * 

PROBLEM  IX. 

To  determine  the  height  of  a cloud,  by  obferva- 
tions  on  it’s  altitude  and  velocity. 

When  the  (ley  abounds  with  detached  clouds, 
moving  with  confiderable  velocity,  it  is  eafy  to 
determine  the  degree  of  fwiftnefs,  by  obferving 
the  progrefs  of  their  fhadows  which  pafs  along 
the  ground.  For  this  purpofe,  nothing  more  is 
neceflary,  than  to  note  the  inffants  of  time  when 
one  of  thefe  fhadows  palfes  over  two  objeas, 
fuch  as  hedges,  trees,  &c.  lying  in  it’s  direction  * 
and  to  meafure  the  interval  pafled  over,  during 
the  intermediate  time.  When  this  velocity  is 

1 
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thus  found,  place  the  plane  of  the  quadrant  in  the 
direction  of  the  wind,  and  fetting  the  fights  to  a 
confiderable  altitude,  to  be  written  down,  take 
notice  of  fome  remarkable  edge  of  a cloud, 
which  palfes  acrofs  the  wire  in  the  aperture  of 
the  fartheft  light,  giving  notice  at  the  fame  in- 
ftant  to  an  alfidant  to  note  the  time.  Then  move 
the  quadrant  on  it’s  axis  twenty  or  thirty  degrees, 
and  give  the  like  notice  to  the  affidant  when  the 
fame  part  of  the  cloud  palfes  the  wire  ; write 
down  this  laft  altitude.  The  perpendicular 
height  of  the  cloud  will  be  found  by  the  following 
proportions. 

I ' 

As  the  number  of  feconds  obferved  when  the 
fhadow  of  the  former  cloud  was  feen  on 
the  ground 

Is  to  the  number  of  feconds  elapfed  between  the 
two  obfervations  W’ith  the  quadrant ; 

So  is  the  diflance  meafured  on  the  ground 

To  the  diflance  palfed  through  by  the  cloud 
(whofe  altitude  was  taken)  during  the  time 
of  obfervation. 


Rr  4 


Then, 


632  DESCRIPTION  AND  USE 
Then, 

As  the  fine  of  the  difference  between  the  fum  of 
the  two  altitudes  and  1 8o° 

Is  to  the  fine  of  the  lefs  altitude  ; 

So  is  the  diftance  pafffed  over  by  the  cloud 
To  it’s  diftance  from  the  obferver,  when  the 
greater  altitude  was  taken. 

And  laftly, 

As  radius 

Is  to  the  fine  of  the  greater  altitude-; 

So  is  the  diftance  laft  found 

To  the  perpendicular  height  of  the  cloud. 


PROBLEM  X. 

To  find  the  altitude  of  the  fun,  or  any  other 

celeftial  body. 

This  confifts  in  the  Ample  application  of  the 
quadrant  to  a celeftial  body,  in  the  fame  manner 
as  has  already  been  (hewn  with  regard  to  terreftrial 
objeas.  The  quadrant  being  rectified  or  adjufted 
by  problem  1,  as  it  muft  be  in  all  cafes  previous 
*0  it’s  ufe,  the  celeftial  body  muft  be  viewed 
through  the  fights,  and  the  plumb-line  will  fhew 
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it’s  altitude  on  the  graduated  limb  of  the  inftru- 
ment.  If  the  obfervation  be  made  on  the  fun, 
the  dark  glafs  mufi  be  ufed  to  defend  the  eye, 
or  the  luminous  fpot  formed  by  the  fmaller  hole 
of  that  light  which  carries  the  crofs  wires,  muR 
be  made  to  fall  on  the  mark  on  the  other  fioht 
which  lies  immediately  beneath  the  eye-hole. 

PROBLEM  XI. 

To  find  the  latitude  of  the  place  of  obfervation. 

When  the  fun,  or  a ftar,  is  nearly  on  the  me- 
ridian, or  a few  minutes  before  twelve  at  noon, 
take  it’s  altitude,  and  repeat  this  operation  at 
fhort  intervals  of  time,  till  it  is  found  not  to  in- 
creafe,  but  diminifh.  This  laR  or  greateft  alti- 
tude is  the  meridian  altitude. 

In  places  where  the  fun  does  not  fet,  the  leaR 
altitude  is  the  meridian  altitude  beneath  the  pole. 

The  rule  for  finding  the  latitude  by  the  me- 
ridian altitude  of  an  object  not  beneath  the  pole, 
is  as  follows : 


If 
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If  the  co-altitude  and  declination  * be  of  the 
fame  name,  (that  is,  either  both  north,  or  both 
fouth)  their  difference  will  be  the  latitude;  if  of 
different  names,  their  fum  will  be  the  latitude. 
And  the  latitude  will  always  be  ot  the  fame  name 
with  the  declination,  excepting  when  the  decli- 
nation has  been  fubtracted  from  the  co-latitude. 

But  when  the  altitude  is  beneath  the  pole,  the 
following  is  the  rule  : 

Add  the  altitude  and  the  co-declination  toge- 
ther, and  the  fum  will  be  the  latitude  of  the  fame 
name  with  the  declination. 

problem  XII. 

To  find  the  time  by  equal  altitudes  of  the  fun. 

Obferve  the  fun’s  altitude  in  the  morning,  and 

alfo  the  time  by  a clock  or  watch.  Leave  the 

quadrant  in  the  fame  ftuation,  taking  care  that 

it’s  pof  tion  be  not  altered  by  any  accident ; an 

jn  the  afternoon  direfl  it  to  the  fun,  by  movin0 

the  index  of  the  horizontal  circle  only.  Add  the 

time 

t 

. The  declination  of  the  fun,  and  mod  other  moveable 
cclcftial  bodies,  is  to  be  found  in  the  ephemendes, 
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time  when  the  fun’s  altitude  correfponds  with 
that  to  which  the  quadrant  was  fct  in  the  morn- 
ing. The  middle  inftant  between  the  two  times 
ol  obfervation,  is  the  time  of  apparent  noon. 
Correct  this,  by  adding  or  fubtra&ing  the  equa- 
tion ol  time,  and  it  will  Ihew  the  time  of  true 
noon.  If  it  be  precifely  XII,  the  clock  is  right ; 
but  if  it  differ,  the  clock  is  faller  or  flower,  by 
the  quantity  of  the  difference  greater  or  lefs  than 
XII. 


PROBLEM  XIII. 

lo  draw  a meridian  line,  or  to  find  the  cardinal 
points  of  the  compafs,  by  equal  altitudes  of 
the  fun,  or  a ftar. 

If  equal  altitudes  of  the  fun  be  taken  as 
dire&ed  in  the  foregoing  problem,  and  the  place 
of  the  index  on  the  horizon  circle  be  carefully 
noted  at  each  time  of  obfervation,  the  middle 
degree  or  part  between  each  will  be  the  place 
where  the  index  will  Hand  when  the  fights  of  the 
quadrant  are  dircdled  to  the  fouth,  or  north,  ac- 
cording as  the  fun  is  to  the  fouthward  or  north- 
ward of  the  place  of  obfervation  at  noon.  Set 
the  index  to  this  middle  point,  and  dirccl  the 

fights 
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fights  of  the  quadrant  to  fome  remote  and  fixed 
objed  on  the  earth.  This  objed  will  be  a fouth 
meridian  mark,  and  will  ferve  tofet  the  quadrant 
at  any  future  time.  Then  take  up  the  inftru- 
ment,  and  after  fetting  the  index  to  o,  place  it 
again  on  the  table,  or  fupport,  and  move  the 
whole  inftrument,  not  by  any  of  it’s  parts,  but 
entirely  about  upon  the  table,  till  the  fights  are 
truly  direded  to  the  meridian  mark.  Adjuft  the 
horizontal  circle  by  prob.  i,  and  the  index  will 
then  ferve  to  {hew  the  true  bearing  of  any  objed ; 
becaufe  the  diameter  joining  the  two  zeros,  or 
go’s,  anfwers  to  the  meridian  line. 

If  the  table,  or  fupport,  be  immoveable,  it 
will  be  proper  to  make  three  marks,  or  indenta- 
tions, to  receive  the  points  of  the  fcrews;  by 
which  means  the  horizontal  circle  may  be  in- 
ftantly,  at  any  time,  fet  in  it’s  proper  pofition, 
with  refped  to  the  cardinal  points  of  the  horizon. 

Obfervations  of  equal  altitude  are,  generally 
fpeaking,  better,  the  greater  the  interval  is  be- 
tween them,  not  exceeding  12  hours;  and  thefe 
obfervations  on  the  fun  require  fome  coiredion, 
on  account  of  the  change  of  it's  declination 
during  the  time  of  obfervation.  The  young 

afironomer  with  fmall  inftrumcnts  may,  however, 

negled 
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neglect  this ; and  indeed  it  is  of  little  confe- 
qucnce  about  the  fold  ices,  when  the  fun’s  decli- 
nation changes  very  flow  iy. 

It  often  happens  that  there  is  not  any  window 
in  a houfe,  from  which  the  fun  can  be  feen 
morning  and  evening.  In  this  cafe,  the  meridian 
may  be  determined  by  obfervations  of  equal  alti- 
tude of  the  pole  ftar,  or  any  other  near  the  pole. 


P R O B LEM  XIV. 

To  find  the  time  by  the  fun’s  tranfit  over  the 

meridian. 

Adjuft  the  quadrant  to  the  cardinal  points  by 
the  lafl  problem,  a fhort  time  before  noon.  Set 
the  index  to  o,  and  elevate  the  quadrant,  fo  that 
the  fhadow  of  the  fight  with  the  crofs  wires  may 
fall  upon  the  other.  As  the  inftant  of  apparent 
noon  approaches,  the  bright  fpot  formed  by  the 
fun’s  light  through  the  lower  hole  in  the  former 
fight,  will  be  feen  approaching  the  mark  on  the 
latter.  If  the  obferver  chufes  to  look  at  the  fun, 
he  muft  now  put  up  the  dark  glafs,  and  apply  to 
the  obfervations.  The  infiants  when  the  firft 
limb  or  edge  of  the  fun  appears  to  touch  the  per- 
pendicular wire,  and  alfo  when  the  latter  limb 


appears 
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appears  to  leave  it,  mud  be  noted  by  the  clock  of 
watch.  The  middle  time  is  the  apparent  noon. 
Or  if  he  chufes  to  obferve  by  the  bright  fpot 
only,  the  indant  when  the  fpot  is  fecn  upon  the 
mark  is  the  apparent  noon.  And  this  corrected 
by  the  equation  of  time,  as  directed  in  prob.  xii. 
will  lliew  how  much  the  clock  is  fad  or  How. 

PROBLEM  XV. 

To  find  the  time  by  an  obfervation  of  the  fun’s 
altitude  and  azimuth. 

Adjud  the  indrument  to  the  cardinal  points, 
and  obferve  the  fun  s altitude.  J ake  notice  like-” 
wife  of  the  angle  of  azimuth  from  the  meridian, 
as  {hewn  by  the  index. 

Then, 

As  the  fine  complement  of  the  fun’s  declination 
Is  to  the  fine  complement  of  the  altitude  ; 

So  is  the  fine  of  the  azimuth 

To  the  fine  of  the  fun’s  horary  angle. 

Which  lad  being  reduced  into  time,  by  allow- 
ing dfteen  degrees  to  one  hour,  and  in  propor- 
tion for  the  other  parts,  gives  the  apparent  time. 


OF  THE  QUADRANT,  &C. 


63  9 

it  afternoon  ; but  if  before  noon,  it  mult  be  de- 
duced from  12  hours,  to  give  the  time.  This 
apparent  time  mult  be  corrected  by  the  equation, 
as  in  problem  xii. 

Of  the  Equatorial,  or  universal  Sun-Dial, 

and  it’s  Uses. 

The  plumb-line,  or  dire&ion  in  which  gravity 
> ^ ^ only  line  we  can  at  all  times  have 

immediate  recourfe  to,  for  determining  the 
politions  of  objects,  is  the  chief  particular  to 
which  the  circles  in  the  inltrument  laft  deferibed 
arc  adapted  ; and  accordingly,  their  planes  are 
placed  the  one  parallel,  and  the  other  pcrpendicu- 
lai  to  that  line.  But  as  there  are  few  places  on 
the  earth  whole  vertical  or  horizontal  circles  cor- 
refpond  with  thofe  in  which  the  celeftial  motions 
are  performed,  it  was  found  neceflary,  at  a very 
caily  period,  to  conltrudt  inftruments  adapted 
not  only  to  the  meafurement  of  altitudes  and  azi- 
muths, but  alio  to  follow  the  heavenly  bodies  in  ' 
their  refpective  paths,  and  determine  their  right 
afccnfions  and  declinations,  more  immediately 
than  can  be  done  by  the  quadrant  and  horizontal 
circle.  The  equatorial  is  the  molt  approved 
modern  inltrument  for  this  purpofe. 


It 


IQ  description  and  use 
It  confifts  of  the  following  parts: 


An  horizontal  circle  E F,  plate  XX.  fig.  2, 
divided,  like  that  of  the  former  inftrument,  into 
four  quadrants,  of  90°  each.  But  inftead  of  a 
moveable  index  there  is  a fixed  nonius  plate  at  E, 
and  the  circle  itfelf  may  be  turned  on  it’s  axis. 

In  the  center  of  the  horizontal  circle  is  fixed  a 
Prong  upright  pillar,  which  fupports  the  center 
of  a vertical  femicircle  A B,  divided  into  two 
quadrants  of  90”  each.  This  is  called  the  femi- 
circle  of  altitude,  and  fupplies  the  place  of  the 
quadrant  in  the  former  inftrument,  but  it  is  more 
extenfively  ufeful,  becaufe  one  quadrant  ferves  to 
meafure  altitudes,  and  the  other  depreffions.  It 
has  no  plumb-line,  but  a nonius  plate  at  K. 

At  right  angles  to  the  plane  of  this  femicircle, 
the  equatorial  circle  M N is  firmly  fixed.  It  re- 
prefents  the  equator,  and  is  divided  into  twice 
twelve  hours,  every  hour  being  divided  into 
twelve  parts,  of  five  minutes  each. 

Upon  the  equatorial  circle  moves  another  cir- 
cle, with  a chamfered  edge,  carrying  a nonius, 

by  which  the  divifions  on  the  equatorial  may  be 
; * read 
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read  off  to  (ingle  minutes  ; and  at  right  angles  tq 
this  moveable  circle  is  fixed  the  femicircle  of  de- 
clination D,  divided  into  two  quadrants  of  90° 
each. 


The  piece  which  carries  the  fights  O P is  fixed 
to  an  index  moveable  on  the  femicircle  of  declina- 
tion, and  carrying  a nonius  at  Q.  The  fight  O, 
to  which  the  eye  is  to  be  applied,  has  two  fmali 
holes,  and  a dark  glafs  for  covering  either  oc- 
cafionally  ; and  the  fight  P has  two  pieces  ferewed 
on,  the  lower  having  a fmali  hole  to  admit  the 
folar  ray,  and  the  upper  carries  two  crofs  wires. 

Laftly,  there  are  two  fpirit  levels  fixed  on  the 
horizontal  circle  at  right  angles  to  each  other. 

The  following  are  among  the  many  problem? 
which  may  be  folved  with  peculiar  facility,  hy 
means  of  this  ufeful  inftrument. 

PROBLEM  XVI. 

To  adjuff  the  .equatorial  for  obfervation. 

Set  the  inftrument  on  a firm  fupport.  Firff, 
to  adjuft  the  levels;  and  the  horizontal  or  azimuth 
circle.  Turn  the  horizontal  circle,.  till  the 

§ s beginning 
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beginning  Oof  the  divifions  coincides  with  the 
middle  ftroke  of  the  nonius,  or  near  it.  In  thia 
fituation,  one  of  the  levels  will  be  found  to  lie 
either  in  a right  line  joining  the  two  feet  ferews 
which  are  nearell  the  nonius,  or  elfe  parallel  to 
fuch  a right  line.  By  means  of  the  two  lad- 
mentioned  ferews,  caufe  the  bubble  in  the  level 
to  become  flationary  in  the  middle  of  the  glafs; 
then  turn  the  horizontal  circle  half  round,  by 
bringing  the  other  O to  the  nonius;  and  if  the 
bubble  remains  in  the  middle,  as  before,  the 
level  is  well  adjufted  ; if  it  does  not,  corredt  the 
pofition  of  the  level,  by  turning  one  or  both  of 
the  ferews  which  pafs  through  it’s  ends,  (by 
means  of  a turn-ferew)  till  the  bubble  has  moved 
half  the  didance  it  ought  to  come  to  reach  the 
middle  ; and  caufe  it  to  move  me  oth<.r  half,  b\ 
turning  the  foot-ferews  already  mentioned.  Re- 
turn the  horizontal  circle  to  it’s  fird  pofition, 
and  if  the  adjudments  have  been  well  made,  the 
bubble  will  remain  in  the  middle;  if  otherwife, 
the  procefs  of  altering  the  level  and  the  foot- 
ferews,  with  the  reverdng,  mud  be  repeated  till 
it  bears  this  proof  of  it’s  accuracy.  Then  turn 
the  horizontal  circle  till  90°  dands  oppodte  to  the 
nonius ; and  by  the  foot-ferew,  immediately  op- 

podtc  the  other  90°,  (without  touching  the 

others) 
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others)  caufe  the  bubble  of  the  fame  level  to 
Hand  in  the  middle  of  the  glafs.  Laftly,  by  it’s 
own  proper  fcrews  fet  the  other  level  (not  yet 
attended  to)  fo  that  it’s  bubble  may  occupy  the 
middle  of  it’s  glafs. 

Secondly,  to  adjuft  the  line  of  fight.  Set  the 
nonius  on  the  declination  femicircle  at  O ; the 
nonius  on  the  horary  circle  at  VI ; and  the  nonius 
on  the  femicircle  of  altitude  at  90°.  Look 
through  the  fights  towards  fome  part  of  the  hori- 
zon, where  there  is  adiverfity  of  remote  objeds. 
Level  the  horizontal  circle,  and  then  obfetwe 
what  objed  appears  on  the  center  of  the  crofs 
wires.  Reverfe  the  femicircle  of  altitude,  fo 
that  the  other  90°  may  apply  to  the  nonius  ; 
taking  care,  at  the  fame  time,  that  the  other 
three  noniufes  continue  at  the  fame  parts  of  their 
refpcdive  graduations  as  before.  If  the  remote 
objed  continues  to  be  feen  on  the  center  of  the 
crofs  wires,  the  line  of  fight  is  truly  adjufled; 
but  if  not,  unferew  the  twro  fcrews  which  carry 
the  frame  of  the  crofs  wires,  and  move  the  frame 
till  the  interfe&ion  appears  to  lie  on  a new  objed, 
half  way  between  the  objed  firfi  obferved,  and 
that  to  which  the  wdres  are  applied  in  the  laft 
pofition.  Return  the  femicircle  of  altitude  to  it’s 
original  pofition  ; if  the  interfedion  of  the  wires 
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be  then  found  to  be  on  the  objed  to  which  they 
were  laft  direded,  the  line  of  fight  is  truly  ad- 
jured ; but  if  not,  the  frame  muft  be  again  altered 
as  before  : and  the  fame  general  operation  muft  be 
repeated,  till  the  crofs  wires  in  both  pofitions 
apply  to  the  fame  objed. 

Befides  this  adjuftment  of  the  center  of  inter- 
fedion,  it  is  necefifary  that  one  of  the  wires  fhould 
be  in  the  plane  of  the  declination  femicircle,  and 
the  other  at  right  angles  to  that  plane.  As  the 
wires  are  fixed  at  right  angles  to  each  other,  the 
adjuftment  of  one  of  them  will  be  fufhcient.  For 
this  purpofe,  obferve  any  fmall  objed  on  one  of 
the  wires : if  it  be  the  vertical  wire,  move  the 
index  of  the  femicircle  of  declination  ; or  if  the 
other,  move  the  laft-mentioned  femicircle  on  the 
axis  of  the  equatorial  circle.  In  either  cafe  the 
objed  will  coincide  with  the  wire  during  it's  mo- 
tion,  if  the  pofition  be  right ; if  not,  alter  that 
pofition,  taking  care  not  to  difplace  the  center 
from  it’s  adjuftment. 

To  ad  juft  the  piece  which  carries  the  hole  for 
forming  ‘ the  folar  fpot,  dired  the  fights  to  the 
fun,  fo  that  the  center  of  the  luminous  circle 
formed  by  the  aperture  which  carries  the  crofs 

wires,  may  fall  precifely  on  the  upper  fight  hole. 

Them 
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Then  move  the  frame,  with  the  fmall  perforation, 
till  the  folar  lpot  falls  exactly  on  the  lower  light- 
hole. 

Thirdly,  to  find  the  correction  to  be  applied 
to  obfervations  by  the  femicircle  of  altitude.  Set 

i 

toe  nonius  on  the  declination  femicircle  to  O; 
find  the  nonius  on  the  horary  circle  to  XII. 
Direct  the  lights  to  any  fixed  and  difiinct  object, 
by  moving  the  horizontal  circle  and  femicircle  of 
altitude,  and  nothing  elfe.  Note  the  degree  and 
minute  of  altitude  or  depreffion.  Reverie  the 
declination  femicircle,  by  directing  the  nonius  on 
the  horary  circle  to  the  oppofite  XII.  Direct 
the  fights  again  to  the  fame  object,  by  means  of 
the  horizontal  circle  and  femicircle  of  altitude, 
.as  before.  If  it’s  altitude,  or  depreffion,  be  the 
fame  as  was  obferved  in  the  other  pofition,  no 
correction  will  be  required;  but  if  otherwife, 
half  the  difference  of  the  two  angles  is  the  correc- 
tion to  be  added  to  all  obfervations  or  redifica- 
tions  made  with  that  quadrant,  or  half  of  the 
femicircle,  which  fhewed  the  leaft  angle  ; or  to 
be  fub traded  from  all  obfervations  or  rectifica- 
tions made  with  the  other  quadrant,  or  half. 

\\  hen  the  levels  and  crofs  wires  are  once  truly 
ter,  they  will  prelerve  their  adjufiment  a long 
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time,  if  not  deranged  by  violence;  and  the  cor- 
rection to  be  applied  to  the  femicircle  of  altitude, 
is  a conftant  quantity. 

PROBLEM  XVII. 

To  meafure  angles,  either  of  azimuth,  altitude, 

or  depreffion. 

Set  the  middle  mark  of  the  nonius  on  the  de- 
clination at  O,  and  fix  it  by  means  of  the  milled 
fcrew  behind.  Set  the  horary  circle  at  XII  on 
the  equator,  and  the  inftrument  (previoufly  ad- 
jufted)  is  ready  for  obfervation.  then  if  the 
fights  be  direfted  fucceflively  to  any  two  objects, 
the  degrees  and  minutes  contained  between  the 
two  po  fit  ions  of  the  nonius,  on  the  limb  of  the 
horizontal  circle,  will  fhew  the  horizontal  angle 
in  the  fame  manner  as  has  been  deferibed  at  prob. 
ii.  of  the  quadrant.  And  likewife,  if  the  fights 
be  directed  to  any  objeeff,  by  moving  the  horizon- 
tal circle  and  femicircle  of  altitude,  the  degree 
and  minute  marked  by  the  nonius  on  the  laft* 
mentioned  femicircle  will  be  the  angle  or  altitude, 
if  on  the  quadrant  or  part  neared  the  eye,  or  of 
depreflion,  if  on  the  remoter  quadrant. 


Remark. 
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■Remark.  It  is  proper  in  this  place  to  defcribe 
the  nature  and  ufe  of  the  admirable  contrivance 
commonly  called  a nonius.  It  depends  on  the 
dimple  circumftance,  that  if  any  line  be  divided 
into  equal  parts,  the  length  of  each  part  will  be 
greater,  the  fewer  the  divifions;  and  contrariwife, 
it  will  be  lefs  in  proportion  as  thofe  divifions  are 
more  numerous.  Thus  it  may  be obferved,  that 
the  diftance  between  the  two  extreme  flrokes  on 
the  nonius,  in  the  equatorial  before  us,  is  exactly 
equal  to  1 1 degrees  on  the  limb,  but  that  it  is 
divided  into  12  equal  parts.  Each  -of  thefe  laft 
parts  will  therefore  be  fliorter  than  the  degree  in 
the  proportion  of  1 1 to  1 2 ; that  is  to  fay,  it  will 
be  one-twelfth  part,  or  5 minutes  fliorter.  Con- 
fequently,  if  the  middle  ftroke  be  fet  precifely 
oppolite  to  any  degree,  the  relative  pofitions  of 
the  nonius  and  the  limb  mull  be  altered  j minutes 
of  a degree,  before  either  of  the  two  adjacent 
ftrokes  next  the  middle,  on  the  nonius,  can  be 
brought  to  coincide  with  the  neareft  flroke  of  a 
degree;  and  fo  likewife,  the  fecond  flrokes  on 
the  nonius  will  require  a change  of  ro  minutes ; 
the  third,  of  fifteen,  and  fo  forth  to  thirty,  when 
the  middle  line  of  the  nonius  will  be  fecn  to  be 
cquvdiflant  between  two  of  the  flrokes  on  the 
-imb,  after  which,  the  lines  on  the  oppolite  fide 
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of  the  nonius  will  coincide  in  fucceffion  with  tht 
flrokes  on  the  limb. 


It  is  clear  from  this,  that  whenever  the  middle 
ftrokeof  the  nonius  does  not  ftand  precifely  op- 
pofite to  any  degree,  the  odd  minutes,  or  diftance 
between  it  and  the  degree  immediately  preceding, 
may  be  known  by  the  number  of  the  ftroke  on 
the  nonius,  which  coincides  with  any  of  the 
If rokes  on  the  limb.  It  muft  be  obferved,  how- 
ever, that  as  the  degrees  in  the  feveral  quadrants 
are  reckoned  in  oppofite  directions,  fo  likewife 
the  nonius  has  two  fets  of  numbers ; for  the  ufe 
of  which,  it  need  only  be  remembered,  that  they 
always  begin  from  the  middle,  and  go  to  30 
minutes,  and  thence  from  the  oppofite  30  minutes 
in  the  fame  direction,  to  the  middle;  and  that 
they  muft  always  be  reckoned  in  the  oppofite  di- 
rection to  the  degrees  on  the  limb.* 


PROBLEM 


* In  this  inftrument  they  muft  be  read  in  the  oppofite  di- 
rection ; but  when  the  nonius  plate  has  it’s  divifions  fewer 
than  the  number  of  parts  on  the  limb  to  which  it  is  equal, 
they  coincide  fucceftively  in  the  fame  direftion  as  that  oi  the 
motion  of  the  index. 
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PROBLEM  XVIII* 

To  find  the  difiance  of  an  objetfi  on  the  earth,  by 
obfervations  made  at  two  Nations. 

This  may  be  done  by  meafuring  a bafe  line  and 
the  horizontal  angles,  and  proceeding  as  directed 
at  problem  ii.  But  as  the  equatorial  meafurcs 
angles  of  depreffion,  as  well  as  elevation,  the 
Nations  may  not  only  be  on  the  fame  level,  but 
may  be  vertically  the  one  above  the  other.  For 
example,  if  the  altitude  of  any  object  be  taken 
from  a lower  window  of  any  building,  and  it’s 
depreffion  from  a window  immediately  above,  and 
the  diftance  of  the  two  ftations  of  the  inftrument 
be  accurately  meafured, 

i*  / » 

Then, 

As  the  fine  of  the  fum  of  the  angles  of  altitude 
and  depreffion  (or  of  the  difference,  if 
both  be  altitude,  or  both  depreffion) 

Is  to  the  fine  of  the  angle  at  the  upper  fiation  ; 

So  is  the  difiance  between  the  ftations 
To  the  difiance  of  the  objeeft  from  the  lower 
fiation. 

A.  • . . 
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PROBLEM  XIX, 

To  xneafure  heights  and  diftances. 

As  the  femicircle  of  altitude  anfwers  every 
purpofe  of  the  quadrant,  in  the  inftrument  before 
defcribed,  and  the  horizontal  circle  is  common  to 
both,  it  will  be  eafy  for  the  intelligent  learner  to 
perform  the  problems  iii.  iv.  vii.  viii.  and  ix. 
by  the  equatorial,  from  the  inftru&ions  given  un- 
der each  refpectively. 

problem  xx. 

To  plot  a piece  of  land. 


The  problems  v.  and  vi.  with  all  others 
y/hich  are  folved  by  the  menfuration  of  horizontal 
angles,  may  likewife  be  performed  with  great 
facility  by  the  equatorial, 

problems  xxi,  xxii.  xxiii,  and  XXIV. 

Under  this  title  it  may  be  obferved,  that  the 
problems  xi.  xii.  xiii.  xiv.  and  xv.  for  finding 
ihe  latitude,  the  time  by  equal  altitudes,  the  po- 
rtion of  the  cardinal  points,  and  the  time  by  the 
fun’s  trailfit  over  the  meridian,  or  by  it  s altitude 
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and  azimuth,  may  be  performed  with  equal  eafe, 
and  greater  accuracy,  by  the  horizontal  circle 
and  femicircle  of  altitude,  in  the  inftrument  be- 
fore us,  as  by  the  quadrant  treated  of  under 
thofe  problems. 

I fhall  now  proceed  to  fome  of  the  problems, 
to  which  the  equatorial  is  more  peculiarly 
adapted. 

PROBLEM  XXV. 

To  find  the  latitude  of  a place,  the  fun's  declina- 
tion being  known. 

Place  the  adjufied  equatorial,  a (hort  time  be- 
fore noon,  in  fuch  a pofition,  that  the  planes  of 
the  femicircles  of  altitude  and  declination  may  be 
as  near  the  meridian  as  efiimation  will  allow ; 
and  let  the  fight  which  carries  the  crofs  wires  be 
turned  to  the  point  of  the  compafs,  (cither  north 
or  fouth)  to  which  the  fun  will  come  at  noon. 
Set  the  index  on  the  declination  femicircle  to  the 
degree  and  minute  of  the  fun’s  declination,  either 
to  the  north  or  fouth  fide  of  O,  as  the  cafe  may 
be.  Then  by  means  of  the  horizontal  circle  and 
femicircle  of  altitude,  without  touching  the  de- 
clination femicircle,  caufe  the  folar  fpot  to  fall 
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on  the  mark  in  the  oppofite  fight,  (or  obferve  the 
fun  itfelf  by  the  crofs  vviresj.  Keep  the  fights  in 
this  manner  directed  to  the  fun,  till  his  altitude 
begins  to  diminifh.  The  degree  and  minute  on 
the  fernicircle  of  altitude  is  the  co-latitude,  and 
the  latitude  will  be  north,  if  that  degree  and 
minute  be  upon  the  horthermoft  quadrant ; but  if 
other  wife,  fo.uth. 

PROBLEM  XXVI. 

To  find  the  meridian  line,  and  the  time,  from 
one  obfervation  of  the  fun,  when  it’s  declina- 
tion and  the  latitude  of  the  place  are  known. 


This  problem  requires  that  both  the  azimuth 
and  altitude  of  the  fun  fhould  alter  quickly  ; and 
this  is,  generally  fpeaking,  the  cale,  more  emi- 
nently, the  farther  that  luminary  is  from  the 
meridian.  Therefore, 

At  the  diftance  of  feveral  hours,  either  before 
or  after  noon,  adjuft  the  horizontal  circle ; fet 
the  fernicircle  of  altitude,  fo  that  it's  nonius  may 
ftand  at  the  co-latitude ; lay  the  plane  of  the  laft- 
mentioned  fernicircle  in  the  meridian,  by  eflima- 
tion  it's  O being  direfted  towards  the  deprefled 
nolc';  place  the  nonius  of  the  declination  emj- 
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circle  to  the  declination,  whether  north  orfouth. 
Then  di red;  the  line  of  fight  towards  the  fun 
partly  by  moving  the  declination  femicircle  on 
the  axis  of  the  equatorial  circle,  and  partly  by 
moving  the  horizontal  circle  on  it’s  own  axis. 
There  is  but  one  polition  of  thefe  which  will  ad- 
mit of  the  folarfpot  falling  diredly  on  the  mark 
on  the  oppofite  fight.  When  this  pofition  is  ob- 
tained, the  nonius  on  the  equatorial,  or  horary 
circle,  fhew's  the  apparent  time,  and  the  circle  of 

altitude  is  in  the  plane  of  the  meridian. 

% 

PROBLEM  XXVII. 

To  find  the  time,  when  the  latitude,  the  fun’s 
declination,  and  the  meridian  are  known. 


The  meridian  being  found  by  equal  altitudes 
of  the  fun,  or  a liar,  which  is  the  befi:  method, 
and  fettled  by  a meridian  mark,  or  by  indenta-' 
tions,  to  let  the  fcrews  in,  (prob.  xiii.)  place 
the  equatorial  accordingly,  and  adjuft  it  by  the 
levels.  Set  the  femicircle  of  altitude  to  the  lati- 
tude of  the  place,  and  the  index  of  the  line  of 
fight,  to  the  declination  of  the  fun.  Turn  this 
laft  femicircle,  till  the  fights  are  accurately 
directed  to  the  fun.  The  nonius  will  fhew  the 
time  on  the  horary  circle. 


This 
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This  problem  is  more  accurate  than  the  fore- 
going, and  may  be  applied  at  all  times  when  the 
fun  is  vifible. 

PROBLEM  XXVIII. 

To  find  the  meridian  line,  when  the  time,  the 
fun’s  declination,  and  the  latitude  of  the  place 
are  known. 

Adjuft  the  infirument.  Set  the  femicircle  of 
altitude  to  the  latitude,  and  the  nonius  of  the 
declination  femicircle  to  the  declination ; and  fet 
the  nonius  of  the  horary  circle  to  the  apparent 
time.  Turn  the  horizontal  circle  till  the  fights 
are  directed  to  the  fun.  The  femicircle  of  alti- 
tude is  then  in  the  plane  of  the  meridian. 

This  problem  gives  the  pofition  of  the  meridian 
more  accurately  than  problem  xxvi.  It  is  much 
more  ready  where  the  time  can  be  had,  than  the 
method  of  equal  altitudes,  and  it  is  near  enough 
to  the  truth  for  fmall  inftruments.  The  nearer 
the  obfervation  is  made  to  the  time  of  noon,  the 
better,  becaufe  the  fun  then  changes  it  s azimuth 
the  quickeft. 


PROBLEM 
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To  find  the  declination  of  the  fun,  or  any  celeftial 
objed,  when  the  latitude  of  the  place,  and  po. 
inion  of  the  meridian,  are  know  n. 

Redify  the  inftrument  for  the  latitude,  as  in  the 
foregoing  problem;  and  place  the  femicircle  of 
altitude  in  the  meridian.  Then  dired  the  fights 
to  the  objed,  partly  by  moving  the  declination 
femicircle  on  the  axis  of  the  equatorial  circle, 
and  partly  by  moving  the  nonius  of  the  femicircle 
laft-mentioncd.  This  nonius  will  then  fhew  the 
declination. 


PROBLEM  XXX. 

To  find  the  right  afcenfion  of  any  celefiial  objed, 
when  the  time,  the  latitude,  and  the  poiition 
of  the  meridian,  are  known. 

Perform  the  operations  direded  in  prob.  xxix. 
Place  the  fight  fo  that  the  vertical  wire  may  be  a 
little  to  the  wefiward  of  the  objed ; and  obferve 
by  a clock,  or  watch,  the  apparent  or  folar  rime 
when  it  crolfes  the  wire.  The  fhorteft:  interval 
between  the  time  of  obfervation  and  the  time 
marked  on  the  equatorial  circle,  by  the  nonius. 
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is  the  difference  between  the  times  of  each  lu- 
minary corning  to  the  window. 

If  the  ffars  precede  the  fun,  this  difference 
muff  be  fubtraded  from,  or  if  otherwife,  added 
to  the  fun’s  right  afcenfion  ; and  the  difference, 
or  fuim,  will  be  the  ffar’s  right  afcenlion,  pro- 
vided it  do  not  exceed  24  hours ; if  it  do,  the 
excefs  is  the  right  afcenfion. 

If  the  fun’s  right  afcenfion  ffiould  be  too  fmall 
to  admit  of  taking  the  difference  from  it,  it  muff 
itfelf  be  taken  from  the  difference;  and  the 
fupplement  of  the  remainder  to  24  hours,  will  be 
the  ffar’s  right  afcenfion. 

PROBLEM  XXXI. 

Todired  the  line  of  fight  to  any  fiar  or  planet. 

Adiuft  the  inffrumcnt  to  the  latitude  and  me- 
ridian and  let  the  nonius  on  the  declination 
ital  ic,  the  dtclinaiionofthtlta.  Then  lake 
the  difference  between  the  right  afcenfion  of  the 
fun  and  ftar ; and  if  the  right  afcenfion  of  the  ftar 
be  greater  than  that  of  the  fun,  fubtrad  the  dif- 
ference s if  not,  add  it  to  the  time  of  obfervation, 
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The  remainder,  or  fum,  will  be  the  hour  and 
minute  to  which  the  nonius  on  the  horary  circle 
is  to  be  fet ; which  being  done,  the  lights  will 
point  to  the  liar  or  planet  fought. 

If  the  time  be  too  fmall  to  admit  of  having  the 
difference  taken  from  it,  borrow  24  hours,  and 
reckon  the  remainder  from  XII  at  noon. 

When  the  liar  or  planet  has,  by  the  diurnal  mo- 
tion of  the  earth,  been  carried  out  of  the  field  of 
view,  in  which  the  crofs  wires  are  placed,  it  may 
be  readily  overtaken,  by  moving  the  declination 
femicircle  on  the  equatorial  circle. 

There  are  many  other  pleafant  and  ufeful 
problems,  both  terreliriai  and  alironomical, 
which  may  be  folved  by  thefe  inliruments;  but 
they  cannot  here  be  enlarged  on,  confidently  with 
the  intended  limits  of  the  prefent  work.  The  in- 
itelligent  ftudent  will  difeover  fome  of  them  him- 
.felf,  and  for  the  reft  he  may  confult  Atwood’s 
Analyfis  of  a Courfe  of  Le&ures,  De  La  Landes 
Aftronomie,  and  other  approved  authors.  It 
•will  be  feen,  likevvife,  that  I have  not  entered 
into  the  minute  confiderations  of  refractions,  the 
variation  of  declinations,  and  other  elements  for 
parts  of  days,  &c.  neither  have  I deferibed  any 
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of  the  ingenious  artifices,  by  which  the  errors  of 
inftruments  are  either  correXed  or  allowed  for. 
In  this,  alfo,  I think  the  judicious  teacher  will 
join  me  in  opinion,  that  though  they  are  de- 
fer vedly  efteemed  of  the  higheft  importance  in 
the  accurate  operations  of  modern  aftronomy, 
yet  it  would  not  have  been  advifeable  to  have 
diverted  the  attention  of  the  learner,  before  his 
curiofity  was  excited  by  a difplay  of  the  leading 
particulars,  even  on  the  fuppofition  that  my  plan 
could  have  allowed  room  for  entering  into  fuch  a 
detail. 


The  learner  need  not,  however,  be  too  diffi- 
dent in  attempting  to  difeover  them  by  his  own 
reflexions,  after  he  has  acquired  a perfect  know- 
ledge of  the  contents  of  the  foregoing  pages. 
There  is  no  doubt  but  he  will  then  fee  with  that 
pleafure  which  attends  fuccefsful  inveftigation, 
the  excellence  of  the  equatorial,  and  the  numerous 
methods  by  which  it  s parts  may  be  made  to  co- 
operate, in  producing  much  more  accurate 
refults  than  it’s  fize  may  feem  to  promife.  In  the 
mean  time  I fhall  conclude  this  article  with  a 
defeription  of  an  improved  equatorial,  in  which 
every  endeavour  has  been  ufed  to  unite  fimplicity 
pf  conflrudion  with  delicacy  and  precifion  ot 
vprkmanffiipo 
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Description  of  the  Improved  Equatorial. 

The  leading  requires  in  good  agronomical 
inflruments,  are,  i.  the  parts  mult  be  firmly 
connefled,  fo  that  they  may  always  prefer ve  the 
fame  figure  ; 2.  the  arcs  mult  be  truly  centered, 
and  accurately  graduated  ; and  3.  the  extremity 
of  the  line  of  fight  mult  in  all  fimple  motions 
defcribe  a true  circle.  1 he  two  former  either 
are  or  ought  to  be  found  in  all  inltruments,  what- 
ever may  be  their  lorm ; but  the  latter  property 
requires  a particular  conltrutftion.  It  is  obvious, 
that  when  the  line  of  fight,  or  telefcope,  is 
moved  on  the  furface  of  one  of  the  circles  of  an 
inftrument,  it  s motion  will  be  affected  by  every 
irregularity  or  deviation  of  that  furface  from  a 
due  plane;  but  on  the  contrary,  if  the  motions 
be  performed  about  axes  well  fitted,  the  extremity 
of  the  line  of  fight  will  in  all  fixations  remain 
dire&ed  to  fome  point  in  the  circle,  in  which  it 
may  be  placed.  The  difficulty  of  obtaining  and 
preferving  the  true  furface  in  the  former  cafe,  has 
induced  all  aftronomers  to  give  the  preference  to 
axes  of  motion,  in  fuch  infiruments  as  are  in- 
tended tobeufed  in  obferving  tranfits  of  the  ce- 
ieftial  bodies,  acrofs  the  plane  of  the  circle  in 
which  the  line  of  fight  is  moved  ; and  as  a great 
part  of  the  obfervations  made  with  the  equatorial, 
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are  of  the  nature  of  thofe  tranfits,  it  is  a very  de- 
firable  quality  that  all  it’s  movements  fhould  be 
made  upon  axes,  inhead  of  their  being  governed 
by  the  planes  of  the  circles  it  is  compofed  of. 

In  the  prefent  inftrument  (plate  XXI.)  this 
circumftance  is  particularly  attended  to.  EF  is 
the  horizontal  circle  firmly  connected  to  another 
circular  piece  by  fix  vertical  pillars.  The  dis- 
tance between  thefe  two  circles  affords  a conve« 
nient  fituation  for  a ftrong  upright  axis,  on  which 
the  whole  of  the  upper  part  of  the  inftrumcnt 
may  be  horizontally  turned.  The  circular  piece, 
which  is  fcrewed  upon  the  head  of  the  vertical 
axis,  carries  a fpirit  level.  It  alfo  has  an  adjur- 
ing fcrew  on  one  of  it’s  edges,  and  a nonius  plate 
on  the  other,  which  {hews  minutes.  This  piece 
fupports  the  two  uprights,  upon  which  the  axis  of 
the  femicircle  of  altitude  A B turns.  At  right 
angles  to  the  femicircle  of  altitude  is  fixed  the 
equatorial  or  horary  circle,  from  the  center  of 
which  laft  proceeds  a ftrong  axis,  that  carries 
the  apparatus  for  fupporting  the  telefcope.  The 
horary  motion  of  the  telefcope  is  performed  by  an 
adjufiing  fcrew,  connected  with  an  index  that 
carries  a nonius,  for  dividing  the  hours  into  por- 
tions of  ten  feconds  each.  The  telefcope  has  a 
flrong  but  light  axis,  whofe  circular  ends  turn  in 
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moveable  Cockers  of  hard  metal,  one  of  which  is 
capable  of  a vertical,  and  the  other  of  an  horizon- 
tal adjuftment.  One  end  of  the  axis  is  per- 
forated, and  has  a fmall  convex  Jens  fet  in  the 
opening,  through  vthich,  by  the  help  of  a re- 
flector within,  the  crofs  wires  may  be  illuminated 
for  making  obfervations  on  the  ftars  at  night. 
1 he  femiciiclc  of  declination  D is  affixed  to  the 
telefcope,  and  paffes  very  near  a nonius  Q,  which' 
fhews  minutes  on  the  limb.  I (hall  now^roceed 
to  deferibe  the  method  of  adjuftment  and  obfer- 
vation,  which  will  render  a more  minute  enume- 
ration of  the  parts  unneccfTary,  and  will  at  the 
fame  time  fhew  their  ufe  much  better  than  can  be 
done  by  mere  defeription. 

An  attentive  view  of  the  inftrument,  or  draw- 
ing, compared  with  what  has  been  faid  before,  at 
problem  xvi.  will  fhew  that  it's  perfect  adjuft- 
ment confifts  in  the  following  particulars, 
i*  horizontal  circle  E F muft  be  truly  level. 

2.  The  plane  of  the  femicircle  of  altitude  A B 
muft  be  truly  perpendicular  to  the  horizon,  or 
n's  axis  muft  be  level.  3.  The  horary  circle 
M N muft  be  ParaUeI  to  the  horizontal  circle 
E F>  when  the  nonius  of  the  femicircle  of  alti- 
tude marks  o degrees ; or  at  leaft  the  error  of  the 
pohtion  of  the  nonius  muft  be  found.  4.  The 
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axis  of  the  horary  circle,  or  the  polar  axis,  mull 
be  at  right  angles  to  the  plane  of  that  circle. 
5.  The  line  of  fight,  or  optical  axis  of  the 
telefcope,  mult  be  at  right  angles  to  it’s  axis  of 
motion.  6.  The  crofs  axis  of  the  telefcope  muft 
be  parallel  to  the  plane  of  the  horary  circle  ; and 
(7.)  parallel  to  that  of  the  femicircle  of  altitude, 
when  the  nonius  marks  the  hour  of  VI.  Laftly, 
the  line  of  fight  muft  be  parallel  to  the  horary 
circle,  when  the  nonius  of  the  femicircle  of  decli- 
nation marks  o degrees. 

The  manner  of  making  thefe  adjuftments  may 
be  as  follows.  1.  Level  the  horizontal  circle  as 
defcribed  in  problem  xvi.  2.  The  plane  of  the 
femicircle  of  altitude  is  adjufted  in  the  original 
conftrudion  of  the  inftrument.  3.  Set  the  horary 
index  at  XII,  and  dired  the  telefcope  to  a re- 
mote objed ; fet  the  index  to  the  oppofite  XII, 
■and  turn  the  horizontal  moveable  circle  half 
round.  If  the  telefcope  then  points  to  the  fame 
■objed,  the  horary  circle  is  parallel  to  the  hori- 
zon ; if  not,  alter  the  pofition  of  the  femicircle 
of  altitude,  till  the  telefcope  continues  to  point  to 
one  finglc  objed  in  both  pofitions  of  the  horary 
index.  When  this  adjuftment  is  made,  take  no- 
tice of  the  fituation  of  the  nonius  of  the  femicircle 

of  altitude  ; if  it  cuts  at  .0  degrees,  it  is  rightly 
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placed  ; if  not,  note  the  difference,  to  be  applied 
as  a corredion  of  all  obfervations  made  w ith  that 
femicircle.  4.  The  axis  of  the  horary  circle  is 
truly  placed  in  the  conffrudion.  5.  Caufe  the 
vertical  crofs  wire  of  the  telefcope  to  interfed  a 
remote  pbjed,  the  adjufting  fcrews  of  the  hori- 
zontal ah^  horary  circles  being  previoufly  made 
faft  ,*  then  reverfe  the  pofition  of  the  axis,  fothat 
the  femicircle  of  declination  may  be  upwards  in- 
ftead  of  downwards.  By  the  motion  on  the  axis 
it  will  be  fcen  whether  the  fame  crofs  wire  inter- 
feds  the  objed  feen  in  the  former  pofition  ; if  it 
do,  the  line  of  fight  is  at  right  angles  to  the  axis 
of  motion;  but  if  not,  alter  the  pofition  of  the 
crofs  wires,  by  means  of  the  two  fmall  fcrews 
near  the  eye  end  of  the  telefcope,  one  of  which 
muft  be  unfcrewed  a little,  and  the  other  fcrewed 
up,  till  the  defired  proof,  the  accuracy  of  the  po- 
fition of  the  telefcope,  be  attained.  6.  Hook  the 
arms  of  the  hanging  levels  upon  the  ends  of  the 
axis  of  the  telefcope,  having  previoufly  placed 
the  horizontal  and  horary  circles  level.  By 
means  of  the  fmall  capftan  ferew  beneath  one  end 
of  the  axis,  caufe  the  bubble  of  the  hanging;  level 
to  occupy  the  middle  of  it’s  glafs.  Unhook  the 
level,  and  hang  it  again  on  the  axis,  but  in  a con- 
trary pofition,  fo  that  it’s  right-hand  end  may  now 

T t 4 be 


66i  DESCRIPTION  AND  USE 

be  placed  to  the  left.  If  the  bubble  (fill  continues 
to  occupy  the  middle  of  the  glafs,  the  axis  of  the 
telefcope  is  truly  level  or  parallel  to  the  horary 
circle  * if  not,  alter  the  adjuftment  of  the  axis 
by  the  capftan  ferew,  and  of  the  level  by  it’s 
own  ferews,  till  the  bubble  (lands  in  the  middle 
in  both  pofitions.  7 . Set  the  femicircle  of  alti- 
tude to  90°,  and  fix  it  there  j fet  the  declination 
femicircle  to  o°,  and  the  horary  index  to  VI. 
Diredt  the  telefcope  to  a remote  objedt.  Then 
move  the  horizontal  circle  half  round,  and  fet 
the  horary  index  precifely  at  theoppofite  VI.  If 
the  fame  object  be  feen  at  the  interfeClion  of  the 
crofs  wires,  the  line  of  fight  is  rightly  placed, 
with  refpeft  to  the  horary  index  ; if  not,  corre& 
the  axis  of  the  telefcope  by  the  fide  capflan  ferevv, 
fo  that  the  crofs  w ires  may  cover  an  objedt  half- 
way between  the  former  objedt  and  that  lalt  feen. 
Laftly,  make  the  horizontal  and  horary  circles 
parallel  to  each  other,  and  direct  the  telefcope 
to  a remote  objedt,  obferving  the  degree  and 
minute  fhewn  by  the  nonius  of  the  declination 
femicircle.  Turn  the  horizontal  circle  180% 
and  the  horary  index  likevvife  1 8o°,  and  obferve 
the  fame  objedt.  If  the  degrees  and  minutes  on 
the  declination  femicircle  be  the  fame  as  before, 
the  nonius  is  rightly  placed  ; if  not,  take  half  the 
fum  of  the  two  altitudes,,  or  deprdlions,  which 

will 
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will  be  the  true  altitude  or  depreflion  of  the  ob~ 
jed,  with  refpecl  to  the  horary  circle;  then 
loofen  the  ferews  of  the  declination  nonius,  and 
move  it  till  the  objed  feen  at  the  interfedion  of 
the  crofs  wires  gives  the  true  quantity  on  the  de- 
clination femicircle. 

« 

The  problems  wrought  by  the  former  inftru- 
ments,  with  every  other  in  aftronomy,  furvey- 
ing,  and  menfuration,  may  be  performed  with 
lingular  accuracy  by  this  equatorial. 


F l N 


l 


s. 


^ V,W  V>* 

,5.^  \V  vV 
>»<'  vts  ✓,**' 

vV 

v> 

/>  ✓,  'fc 

V/ 


* 


' 


A 


CATALOGUE 


O F 

Mathematical  and  Philofophical  Inftruments, 

MADE  AND  SOLD  BY 

GEORGE  ADAMS, 

Mathematical  Inftrument  Maker  to  His  Majefty,  and 
Optician  to  His  Royal  Highnefs  the  Prince  of  Wales, 

iSo.  60,  Fleet-Street,  London. 


Optical  Inflruments. 

TFIE  heft  double-jointed  filver  fpeftaclcs, 

glaftes  — 

The  beft  ditto,  with  Brazil  pebbles  . 

Single  joint  filver  fpe&acles,  with  glaftes 

Ditto,  with  Brazil  pebbles  

Double-joint  fteel  ditto,  with  glaftes  — 
Beft  fingle  joint  fpc&acles  _ 

Ditto,  inferior  frames,  from  2s.  6d.  to  — 

Kofe  fpeftacles,  mounted  in  filver  

Ditto  in  tortoifefhell  and  filver  — 

Ditto  in  horn  and  fteel 
Spe&aclcs  for  couched  eyes 
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36 
21 
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2 o 
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1 1 6 

1 1 6 
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12  6 

14  6 


SpeClacles  with  fhades 

Concave  glades  in  horn  boxes,  for  fhort-fighted  eyes 
Ditto,  mounted  in  tortoifefhell  and  diver,  pearl  and 
lilver,  in  various  manners,  and  atdifferent  prices 
Reading  glades,  from  2s.  6d.  to 
Opera  glalfes,  from  10s.  6d.  to  — — 

Ditto  on  an  improved  conftru&ion,  xl.  7s.  and 
Ditto  to  be  ufed  at  lea  by  night  — 

Diagonal  operas  of  a new  conftru&ion 
Tclelcopes  of  various  lengths,  fizes,  and  prices 
Acromatic  telefcopcs,  portable  and  convenient  for 
the  pocket,  the  hiding  tubes  are  of  brafs,  and 
therefore  not  lubjeft  to  the  fnconveniences  of 
thofe  that  are  made  with  vellum  drawers,  from 
ll.  11s.  6d.  to  — — , S 8 o 

Telefcopes  to  be  ufed  at  fea  by  night 
Acromatic  perfpe&ive  glalTes  for  the  pocket,  from 

10s.  6d.  to  — 

An  optical  vade  mecum,  or  portable  acromatic 
telefcope  and  microfcope,  from  3I.  13s.  6d.  to 
A thirty-inch  acromatic  telefcope,  with  different 
cye-pieces  for  tcrreftnal  and  ccleftial  obje&s; 
this  is  one  of  the  mod;  pleafant  telelcopcs  that  is 
made  for  general  purpofes,  from  81.  8s.  to 
An  acromatic  telefcope,  about  three  feet  and  an  half 
long,  with  different  eye-pieces  — 

A three-feet  rcfle&ing  telefcope,  with  four  magni 
fying  powers,  with  rack  work  — - 

A ditto,  two  feet  long,  with  ditto 
A two-feet  reflecting  telefcope,  with  two  powers 
An  eighteen-inch  ditto  — 

A twelve-inch  ditto  — 

Adams’s  lucernal  microscope,  for  opakc  and 
tranlparent  obje&s  ; it  does  not  fatigue  the  eye, 
is  in  all  cafes  a proper  fubffitutc  for  the  folar 
microfcope,  and  on  many  occalions  fuperior  to 

it  — — — — 21 

A l mall  double- reflecting  microfcope  

Alargcrditto  — T"  9 

An  improved  umverfal  double  microfcope  o 

Ditto  fitted  up  in  a different  form,  from  81.  8s.  to  14 
Ellis’s  aquatic  microfcope  — 

Ditto  with  an  adjuffing  ferew  . — 2 

Withering’s  and  Other  botanical  nucrofcopes,  from 

*©s.  6d.  to  — — 3 
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Small  pocket  microfcopes,  from  6s.  to 

Solar  microfcopes  

Ditto  — ^ 

Solar  microfcopes  for  opake  and  tranfparent  objefts 
from  1 61.  rbs.  to  * 

A microfcope  and  lanthorn  to  imitate  the  folar~ 
microfcope 

Curious  colleflions  of  objefts  for  the  microfcope 
either  opake  or  tranlpaient  t * 

Collections  of  falls,  properly  prepared  for  the 
microfcope 

Magnifying  glafTes  for  botanical,  anatomical,  and 

other  purpofes,  from  as.  to  t 

Small  magic  lanthorns,  with  twelve  (mail  olafs 

lliders,  from  ios.  6d.  to  ° 

Ditto  with  the  flidcrs  better  painted 

Large  magic  lanthorns,  from  ll.  5s.  to  _ x 

Optical  machines  for  viewing  perfpc&ivc  prints 

from  i8s.  to  1 5 

Scioptric  balls  1 

Small  camera  obfeuras,  from  ios.  6d.  to 

Book  and  pyramidical  camera  obfeuras,  from 
3I.3S.  to  — _ 

A viGon  Cial  e>  C f°r  illuftratinS  the  principles  of  ' 

Prifms,  mounted  in  various  manners 
Concave  and  convex  mirrors,  from  ;s.  6d.  to 
Cylindrical  ditto,  from  ll.  is.  to  
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Geographical  and  Agronomical  Inftruments. 


35 

50 


r ill cps  or  globes, 

manner  diametcly  mounted  (lie  common 

28  ditto  mounted  fn  mahoganyframes 

-a  a, t o frames  carved  and  ornamcn|cd 

8 ditto  rUn'Cnd  in  ‘h,e  COmmon  ™nner 
inmXyrmni:d  “ common  manner 
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*8  inches  diameter,  mounted  in  the  bed  manner, 
in  carved  frames  — - — 

a6  ditto  mounted  in  the  common  manner 

12  ditto  mounted  in  the  common  manner 

12  ditto  mounted  in  the  common  manner, 

in  mahogany  frames  — — 

ditto  mounted  in  the  bed  manner,  in 


£.  s.  d. 


12 


12 


ftained  frames  — — 

ditto  mounted  in  the  bed  manner,  in 

mahogany  frames 


ditto  mounted  in  the  common  manner 
ditto  mounted  in  the  bed  manner 
ditto  mounted  in  the  bed  manner 
ditto  mounted  in  the  bed  manner 

ditto  for  the  pocket  


9 

9 
6 

3 
3 

An  armillary  dialling  fphere 
An  armillary  fphere,  {hewing  at  one  view  the  real 
and  apparent  motion  of  the  heavens 
An  armillary  fphere,  with  a planetariu 
Plain  armillary  fpheres 
A manual  planetarium  and  tellurian 
A new  indrument  for  illudratmg  the 
of  the  feafons  — — 

A ditto  for  illudrating  the  phafes  o 
and  the  caufes  of  eclipfes  — • 

A manual  planetarium  — 

/The  three  lad-mentioned  indruments  are  thole 
1 reprefented  in  plates  V,  XV . and  XVI.  of 
my  adronomical  effays)  . 

A planetarium  with  wheel- work,  by  which  the 
order  and  motion  of  the  planets,  their  fituation 
with  refpea  to  the  ea'rth  at  different  times,  and 
the  reafon  of  their  appearing  to  be Sometimes 
dationary,  and  to  move  at  other  times  in  conti  aiy 
dire&ions,  are  rendered  obvious  to  the  eye 
A tellurian  and  lunarium  for  illudrating  the  phe- 
nomena of  the  earth  and  moon,  and  forming 
a proper  companion  for  the  former 
(The  tellurian  and  lunarium  may  be  combined 
together,  or  feparate)  , , 

A correa  and  elegant  planetarium,  lunarium,  and 

tellurian,  (fee  plate  XIX.  of  my  adronomical 
Ditto  with  the  diurnal  motion  to  the  earth 
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The  mod  complete  planetarium,  tellurian,  and 

lunarium,  plates  XVI T.  and  XVIII.  36 

Orreries,  /torn  1 81.  18s.  to  — iDOo 

A fmall  quadrant,  with  aa  horizontal  and  vertical 
motion,  lor  the  indruftion  and  amufement  of 

young  people  — 0 

A ditto  framed  in  brafs,  more  accurately  made  and 

graduated  — -2 

A Imall  equatorial,  being  at  once  an  accurate  uni- 
verfal  dial,  and  a portable  obfervatory;  with  it 
a great  number  of  curious  and  intereding  pro- 
blems may  be  lolvcd,  and  any  perfon  foon  ren- 
dered mafter  of  the  elements  of  pra&ical 

adronomy  — 8 8 

Ditto  on  a larger  fcale,  with  a telcfcope,  and  more 

adjudments  2g 

Complete  equatorial  indruments,  from  50  gs.  to  500 
I ranfit  indruments,  adronomical  quadrants,  cir- 
cular indruments,  according  to  their  fizes,  the 
variety  and  accuracy  of  their  adjudments. 
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Mathematical  Infliuments,  for  Geometry 

* j 9 

Drawing,  See . 
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Plain  compades  for  meafuring  lines,  from  is.  to  o c 0 
Drawing  compades  with  moveable  points,  from 
5s.  6d.  to  . _f_ 

Drawing  pens,  from  is.  to  c 

Bow  compades  for  deferring  fmall  circles,  from 

3s*  t0  — . — — o 

Ilair  compades  for  taking  extents  with  accuracy  o 
Beam  compades  lor  deferibing  large  circles,  laying 
down  divifions,  &c.  & 

Triangular  compades  for  transferring  three  points 

at  once  from  any  plan  or  drawing,  from  18s.  to  1 1 

Proportionable  compades  for  diminifhing  plans  or 

drawing  in  any  adigned  proportions  — . in 

Elliptical  compades  with  frifron  rollcrs,  for 
drawing  elhpfcs  — . .44 


Elliptical 
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Elliptical  compares  on  a different  conflruftion, 
anfwering  at  the  fame  time  the  purpofes  of  beam 
and  calliper  compares  — - — - — . 4 

Spiral  compaffes  for  defcnbing  fpirals,  anfwermg 
alfo  as  beam  and  elliptical  compares,  horn  61.  bs. 

Parallel  rules  of  various  confliu&ions 
A new-invented  parallel  rule,  which  for  facihty  m 
application,  and  accuracy,  exceeds  any  other 
kind,  from  8 s.  6d.  to 

Ditto  with  a protraftor  . . 

Aninftrument  for  drawing  lines  inclined  in  a given 
* angle  to  each  other,  though  the  angular  point  is 
at  an  immenfe  diflance,  a rule  exceedingly  uleful 

Various'inftruments  for  the  purpofe  of  dividing 

lines,  or  transferring  divi  bon  s on  paper  _ 

A cvclograph,  or  an  inftrument  by  which  circles 
AmYay  be  deferibed,  from  4 or  6 inches  radius  to 
one  as  large  as  the  orbit  of  the  Georgium  Sidus 
Plain  feales  and  fetters  of  different  fees 
Sauare  protrattors,  femicircular  and  circular 
Pocket  cafes  of  drawing  inflruments,  from  7s.  6d.  to  5 
,,  or  complete  collection  of  drawing  mftru- 

at  ,7l.,7s.  and  from  thence 

Per'fpeaivc  coxites  for  afeertaining  thej-elative 

rirXftuTnftromert  for  drawing  in  perfpeftive 
A new  invented  inftrument  for  the  fame  purpofe, 
which  will  facilitate  the  operations  of  the  artift, 

An^nftrumenOof : facSng  drawing  from  nature, 
bv  afeertaining  a number  of  points 
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Surveying 
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Surveying  Inftruments. 


£■ 


T*  - 3 *3  6 


Gafes  of  drawing  inftruments 
Parallel  rules 
Plotting  fcales 
Sets  of  plotting  fcales 

A new- invented  parallel  rule,  with  plotting  fcales 
A parallel  rule  and  protra&or 
A plotting  fcale,  in  form  of  a beam  compafs 
Protractors  for  laying  down  angles 
Ditto  with  a nonius  and  moveable  limb  — 2 

Ditto  rendered  mole  accurate,  as  the  limb  is  made 
to  move  with  a tooth  and  pinion  — 4 

Meafuring  wheels  -6 

Pedometers  for  meafuring  a given  diftance  in  walking. 
Meafuring  chains  of  50  and  roo  feet 

Gunter’s  chain  __  0 

Tape  boxes,  according  to  the  length 

Surveying  crofs  or  fquare  — 1 

Plain  tables,  with  an  index  and  fights;  by  thefe 
the  plan  is  taken  on  the  fpot,  and  does  not  require 
a future  protraCtion  — __ 

Beighton’s  improved  plain  tabic,  with  an  index  of  a 
peculiar  make  ; in  tin’s  inrtrument  the  line  of  fight 
is  always  over  the  center  of  the  table,  the  ftation 
lines  are  alfo  drawn  parallel  to  thofc  meafured 

on  the  ground  — * ^ 

1 heodolites,  or  inftruments  for  meafuring  angles, 
cfiftanccs,  &c.  arc  made  in  various  ways,  lome 
being  more  firnplc  and  portable,  others  more  ac- 
‘ curate>  and  with  a greater  number  of  adjuftments 
Theodolites,  with  four  plain  fights,  and  a com- 
pafs box,  from  5I.  5s.  to  

A final!  theodolite,  with  telefcopic  fieht 
tical  arch  — 


traftor  — _L V ^ __  ' 

A ditto  of  the  fame  fize,  on  a different  conftruc- 
tion,  the  vertical  arch  being  affixed  to  a 1 
axis  ; the  limb  decs  not  ferve  for  a protraftor 
A larger  ditto,  like  the  preceding,  only  inovine 
Y^h  rack-worl>  — 6 
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The  late  ft:  improved  theodolite,  with  double  telef- 
cope,  and  every  requiftte  adjuftment 
Circumferenters,  the  principal  inftrument  ufed  in 
America,  from  2I.  2s.  to  v — 4 

An  improved  circumferenter,  fo  contrived,  that 
the  operator  need  not  reft  the  truth  of  his  work 
entirely  on  the  needle  ; it  may  be  alio  ufed  to 


take  altitudes 

Air  or  fpirit  levels  with  telefcopic  fights,  from 

4I.  14s.  6d.  to  — 12 

Air  or  fpirit  levels  with  plain  fights  — 1 

Station  (laves  with  Aiding  vanes  for  levelling  1 

A fmall  furveying  compafs,  with  fights,  a nonius 
divifion,  and  three-legged  llaff  — r-  4 

A fmall  furveying  compafs  and  Angle  flick  2 


(The  two  foregoing  inftruments  are  portable  and 
light,  and  may  be  put  with  eafe  in  the  pocket) 
Miners  compaffes,  ufed  for  carrying  on  works 
under-ground,  from  10s.  6d.  to  — 1 

Ditto  with  a fmall  telefcope  Axed  to  one  fide  1 

Green’s  telefcope  and  tangent  board,  for  meafuring 
diftances  at  one  ftation  : (it  is  obvious,  that  on  the 
meafuring  of  a ftrait  line  with  accuracy,  the 
whole  buftnefs  of  furveying  depends ; Mr. 
Green’s  method  is  certainly  more  expeditious 
than  any  other,  and  is  not  liable  to  objedlions 
which  may  be  made  to  them) 

Optical  fquare,  a fmall  inftrument  for  furveying  by 
right  angles  ; it  requires  no  ftaff,  and  may  be 
ealily  corre&ed  or  adjufted  — — ! 

An  optical  inftrument  for  determining  with  ac- 
curacy when  obje£ls  are  in  a ftrait  line  ~ 1 


Military  Inftruments. 


Gunners  levels  or  perpendiculars 

Gunners  callipers 

Beam  callipers 

Shot  guages 

Shell  ditto 

Gunners  quadrants  with  a plummet 
Ditto  with  a level 
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Ditto  with  an  adjuftmg  fcrew 
Witlo  and  perpendicular  combined  together 
General  W.jliamfon’s  inftrurhenls  lor  howitzers 

Surveying  compalTcs,  furveying  erodes,  Cafes  of  in- 
druments,  tclelcopes,  plain  tables,  theodolites  &c 
A complete  apparatus  lot  an  officer,  in  a bo* 


£•  s.  d. 
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Infli  uments  for  ^a.vi  option* 
C tdt  f't Tn'd"  p’ricaensd  °f 

ATight  telefcopes,  from  il.  us.  6d.  to 
Opera  gkfs  for  the  fame  purpofe  

Ateiefcope  with  an  eye-glafs  micrometer,  for  de- 
termimng  the  defiance  of  a (hip  at  fea 
-Hadiev’s  quadrants  in  mahogany  frames  __ 
Ditto  in  black  ebony  frames 
Hadley’s  fextant  in  wood  

imPr«cdplan,  from 

Knight^s  fleering  compafs,  with  improvemems 

Knight  s azimuth  ditto  1 

Ditto  on  friftion  wheels  

Marine  barometers  ; by  thefe  dorms  have  been 
foretold  at  fea  fome  hours  before  they  happened 

C rei,tan"'ftrt'mCntS’  ‘°  an‘WCI'  **  PUrPof=  °f  the 
Eippmg  needles,  from  i il.  , 2S.  to  _ 
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Inftruments  for  Eleftricity. 

A fm,l!  elearical  machine,  with  a feleB  apparatus  8 

box  the  mThlne  and  m'dical  apparatus  in  a 
box  , the  machine  is  mounted  in  a plain  but 

Krona  manner,  and  fo  as  to  aft  with  power  • the 

apparatus  is  the  mofl  convenient  a?nd  f.mple 

bitheao  contrived  for  medico-cleft rical  purpofes  6 16  6 
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Ditto  with  an  additional  apparatus  lately  contrived 
for  more  eafily  giving  partial  fhocks  — 7 

Improved  eleCtrical  machines,  from  3-I.  13s.  6d.  to  40 
Electrical  batteries,  from  2I.  12s.  6d.  to 
EleClrical  jars  of  different  fiaes 

Ditto  with  an  elcfcfrometer  affixed  to  them  o 

Medical  bottles,  with  a tube  for  Qualifying  the 
fhock  — — — o 

Ditto  mounted  with  a difeharging  rod,  and  an 
eleCf  10 meter,  on  an  improved  plan,  for  giving 

the  eleCfric  fhock  

Dire&ois  with  glafs  handles  for  medical  purpofes 
Jointed  difehargers  with  glafs  handles  — 

Plain  difeharging  rods  — — 

An  univerfal  dilcharger  and  prefs  — 

K inner  fly’s  eleCtrical  thermometer  

Quadrant  electrometer  — ■ — 

Cavallo’s  atmofpheric  eleCtrometer,  from  15s.  to 
Ditto  with  additions  by  De  Sauffure  — 1 - 

Bennet’s  gold  leaf  electrometer  — 

An  apparatus  for  making  Canton’s  and  W ilfen’s 
experiments  on  eleClric  attraction,  &c. 

Compound  apparatus,  fig.  49,  plate  III.  of  my 3 
eflfays  on  electricity  ; by  this  apparatus  a great 
number  of  heat  and  fatisfaCtory  experiments  may 
be  performed  — — 

Ditto  without  the  exhaufted  ilafk  and  conductor 

Leyden  vacuum  — 

Luminous  conductors  — — 
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Spiral  tubes,  from  4s.  6d.  to  

Coloured-  fpirals  — — — * 

Sets  of  fpirals,  fee  plate  V.  fig.  98,  of  my  effays 
on  eleCtricity  — — 

Luminous  words,  from  10s.  6d.  to  — 

Spotted  bottle  — - — ■ 

Belted  bottle,  plats  HI.  fig.  4 6 — - — 

Double  bottle,  a pleafing  and  uleful  part  of  an 
clcCtrical  apparatus,  to  gain  a clear  idea  o:  the 

Franklinian  theory  ; 

Plates  and  Hand  for  dancing  images,  pith  images, 
and  pith  bails 
An  artificial  fpider 
A final  1 head  with  hair 
An  oleCtrical  pi ftol  for  inflammable  air 
Ditto  mounted  in  fets 
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An  ele&rical  cannon  for  gunpowder 
A thunder  houfe  — . 

Ditto  with  a drawer 


A powder  houfe,  fig.  89,  plate  V.  — 

A pyramid,  fig.  90,  plate  V.  , 

Nicholfon’s  revolving  doubler  - 

A bone  ball  and  a ball  of  box  wogd  fitted  on  bfafs 
* wires 

Elettric  flyer  and  points 
A plain  fet  of  bells,  fig.  1 7,  plate  II.  . — 

Five  bells  mounted  on  a (land,  fig,  18,  plate  II. 

A fet  of  mufical  bells,  fig,  10  plate  II. 

Magic  piffure  — - __ 

Ele&rical  ftools,  from  8s.  6d.  (o  ^ 

An  cleflrophorus,  from  a os.  6d.  to  - . 
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Appciratus  for  Experiments  on  Magnetifrm 


An  apparatus  for  explaining  the  principal  phx 
nomena  of  magnetifm,  from  3I.  a*.  to 
Magnets 

Small  compound  magnets 
Ilorlefhoe  magnets 

Compound  ditto,  from  15s.  to  - „ 

Dipping  needles  from  12I.  12s.  to  - r 
Variation  compares,  from  2I.  iss.  6d.  to 


Inflriiments  fbr  Experiments  on  Pneumatics 


A tmall  fingle-barrel  air-pump 
A fmall  double-barrel  ditto 

A larger  ditto  

A table  air  pump 
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The  American  double  barrelled  air  pump,  tl  e 

2£h  ZPr°~  °n  ^ inftrument,  in 
- ich  the  air  receives  no  impediment  from  the 

aftion  of  valves  or  cocks,  exceeding  Smeaton’s 

aandrfimPllcity>  and  Superior  ih 
«vh  .efpe&s  to  fevcral  later  contrivances 
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A condenfing  engine  ; this  may  be,  if  defircd.  com- 
bined with  the  former,  but  the  rational  and 
pra&ical  experimentalifl  will  find  many  advan- 
tages in  having  them  detached  from  one  another 
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Apparatus  for  an  Air  Pump. 


'The  magdeburg  hemifpheres,  from  1 2s,  to 
A flat  plate  and  collar  of  leathers  for  placing  on 

open  receivers  

Guinea  and  feather  apparatus,  for  experiments 
on  the  refiftance  of  the  air,  from  18s.  to 
A let  of  mills  for  ditto 
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A ditto  on  a better  conftru&ion  

Bell  apparatus,  for  fhewmg  that  a vacuum  does  not 
communicate  found  — * — * ° 

Ditto  on  a better  conAru&ion 

Ditto  with  wheel- work,  by  which  the  bell  may  be 
put  in  motion  or  flopped  at  plealure  yr*  3 
A new  apparatus  for  linking  flint  and  fteel  in  vacuo 
An  apparatus  for  firing  gunpowder  in  vacuo 
A copper  bottle,  beam  and  ftand,  for  weighing  of  air  2 
A box  bladder  and  lead  weights,  to  fhew  the  elaliic 

- power  of  the  air  “ 

Ditto  on  an  improved  plan  _ - ~ 

A model  of  a pump,  illuArating  at  the  fame  time 
the  nature  of  pumps,  and  proving  that  there  is 
no  fuch  thing  as  futtion  . ' ” 

A fmall  receiver  and  plate,  which  clearly  ..evinces 
. that  receivers  are  kept; on  the  pump  by  prelluie, 
not  fuflion  — * 

A filtering  cup  — 

A plate  and  piece  of  wood  * “ 

(The  two  laft  articles  are  for  fhewmg  the  poro.uty 

of  vegetables) 

The  torricellian  experiment 
Fountain  in  vacuo  — 

Ditto  on  a different  conAru&ion 
Lungs  glafs  — 

Ditto  on  a different  conAruction 
A Angle  transferer  plate  and  pipe  fora  fountain 
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a catalogue  of  instruments: 


A double  transferer,  for  communicating  a vacuum 

from  one  receiver  to  another  

A burnt  air  pipe,  for  experiments  on  infe&ed air 
An  apparatus  to  lllufcrate  the  lateral  prdlure  of  the 
air 

Breaking  fquare  and  cage 
A fmall  bladder  and  lead  weight 

A Imali  ballancebeam  and  Hand  ' . 

Ditto  on  an  improved  conftrufction 
Receivers  of  different  lizes 
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Meteorological  Inflruments. 


A plain  portable  barometer  

Ditto  with  a thermometer  

A plain  barometer,  covered  frame  and  glafsdoor 

Ditto  with  a thermometer  

A barometer  with  a long  cylindric  thermometer 
A ditto  with  ditto,  and  De  Luc’s  hygrometer 
A barometer  and  thermometer,  with  a guage,  the 

indexes  moving  by  rack- work  ° 

A barometer  for  mealuring  the  altitude  of  moun- 
tains, &c. 

Marine  barometers 

Diagonal,  wheel,  and  flatieal  barometers 
Pahrcnheit’s  thermometers,  from  ll.  is.  to 
Ditto  for  botanic  purpofes  - 

Ditto  for  the  brewery  

De  Luc’s  hygrometer  ; thefe  are  the  only  inftru- 
ments  by  which, comparative  obfervations  can  be 
made  on  the  drynefs  and  moiflure  of  the  air, 

from  31.3a.  to  * — 

Rain  guages 
Dr.  Lind’s  wind  guage 
Hygrometers  with  the  beard  of  the  wild  oat 
Montana’s  eudiometer  for  afeertaining  the  purity 
ef  the  air  ° 1 
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Inflruments  for  illuftrating  the  Mechanic 
Powers,  the  Laws  of  Motion,  &c. 


A concife  apparatus  for  illuftrating  the  nature  of 
the  ballance,  the  pulley,  the  different  kinds  of 
levers,  the  inclined  plane,  the  wheel  and  axle, 
the  ferew,  a compound  engine,  and  a compound 
lever;  alfo,  a double  cone  to  move  up  an  in- 
clined plane,  and  other  pieces  to  (hew  the  pro- 
perties of  the  center  of  gravity,  from  2 tl.  to  26  £ & 

A ditto  on  a more  enlarged  fcale 
Atwood’s  apparatus  for  demonflrating  with  accu- 
racy the  laws  of  accelerated  and  retarded  motion. 

It  is  one  of  the  moil  pleafmg  and  fcientific  inffru- 
mentsin  mechanics,  as  well  from  the  variety  of 
experiments  that  may  be  made  with  it,  as  the 
accuracy  with  which  they  are  performed  26  g O 

A machine  for  illuftrating  the  theory  of  central 
forces;  in  this  machine  the  times  are  marked  by 
found,  the  fpaces  are  (hewn  by  an  index,  the 
errors  arifing  from  fri&ion  are  fo  far  leffened  as 

to  be  fcarcely  fenlible  31  10  <£ 

bullies  of  various  combinations  and  conftru&ions 
A fmall  carriage,  inclined  plane,  wheels  of  differ- 
ent fizes,  &c.  for  experiments  on  wheel  car  riages 
Roberval’s  paradoxical  ballance 
Cycloidal  lever,  fbe  Emerfon’s  Mechanics,  prop. 

20,  25. 

Compound  ffeelyard 
An  apparatus  for  experiments  on  collifion 
Ditto  for  illuftrating  the  compofition  and  refolutiOn 
of  motion 

Fyrdmctcrs  on  various  conftru£tions 

With  many  other  articles  and  models  for  expe- 
riments on  fri&ion,  pendulums,  &c.  too 
cumerOus  t4>  be  comprized  in  a linall  catalogue 


In  lira- 


A CATALOGUE  OF  INSTRUMENTS. 


Inftruments  for  Experiments  in  Hydroftatics 
and  Hydraulics. 


£.  s.  d. 

Hydroftatic  ballances,  from  2I.  2s.  to  — 10  10  9 

Nichollon’s  improved  hydrometers,  for  afeertaining 
the  (pecific  gravity  of  bodies 
Ditto  for  examining  of  coin 

A concifc  apparatus  for  experimentson  hydroftatics  21  10  4 

An  apparatus  ior  {hewing  that  fluids  have  weight 
Ditto  for  {hewing  that  the  particles  of  fluids  exer- 
cife  their  preflure  independently  one  of  the  other 
Ditto  to  fhew  that  fluids  prefs  in  every  dire&ion 
Ditto  to  demonftrate  the  lateral  preflure  of  fluids 
Ditto  to  fhew  that,  c^terii  paribus,  the  preflure  of  fluids  Isas 
their  perpendicular  height 
The  hydroftatic  paradox 
The  hydroftatic  bellows 

Apparatus  for  ilfuftrating  the  laws  of  preflure  and  equilibrium 
between  heterogeneous  fluids 

Ditto  for  illuftrating  the  action  of  fluids  upon  bodies  im- 
merfed  in  them 

An  apparatus  for  experiments  on  fpouting  fluids 
Hydrometers  for  proving  fpirits,  from  il.  11s.  6d.  to  4 14  & 

An  apparatus  for  making  experimentson  capillary  tubes 
The  model  of  the  diving  bell 
A glafs  model  of  the  lifting  pump 
A ditto  of  the  lifting  and  forcing  pump 
Hiero's  fountain  in  copper  japanned 
Ditto  double 
Fountain  of  Command 

A japanned  copper  fountain  to  a£t  by  condenfed  air  with  a 
variety  of  jets 

Apparatus  for  experiments'  on  fyphons. 
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